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15 TECHNICAL FIELD 

The present invention relates generally to cancer diagnosis and 
monitoring. The invention is more specifically related to polypeptides comprising at 
least a portion of a prostate tumor protein, and to polynucleotides encoding such 
polypeptides. Such polypeptides and polynucleotides may be used to generate 

20 compounds for the diagnosis and monitoring of prostate cancer. 

BACKGROUND OF THE INVENTION 

Prostate cancer is the most common form of cancer among males, with 
an estimated incidence of 30% in men over the age of 50. Overwhelming clinical 
25 evidence shows that human prostate cancer has the propensity to metastasize to bone, 
and the disease appears to progress inevitably from androgen dependent to androgen 
refractory status, leading to increased patient mortality. This prevalent disease is 
currently the second leading cause of cancer death among men in the U.S. 
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In spite of considerable research into therapies for the disease, prostate 
cancer remains difficult to treat. Commonly, treatment is based on surgery and/or 
radiation therapy, but these methods are ineffective in a significant percentage of cases. 
Two previously identified prostate specific proteins - prostate specific antigen (PSA) 
5 and prostatic acid phosphatase (PAP) - have limited therapeutic and diagnostic 
potential. For example, PSA levels do not always correlate well with the presence of 
prostate cancer, being positive in a percentage of non-prostate cancer cases, including 
benign prostatic hyperplasia (BPH). Furthermore, PSA measurements correlate with 
prostate volume, and do not indicate the level of metastasis. 
10 In order to improve cancer treatment and survival, it would be beneficial 

to identify prostate tumor proteins that permit an earlier or more accurate diagnosis. In 
addition, further antigens are needed to facilitate the selection of a course of treatment 
and monitoring of patients. The present invention fulfills these needs and further 
provides other related advantages. 

15 

SUMMARY OF THE INVENTION 

The present invention provides methods for diagnosis and monitoring of 
prostate cancer, together with kits for use in such methods. Polypeptides are disclosed 

20 which comprise at least an immunogenic portion of a prostate tumor protein or a variant 
thereof that differs in one or more substitutions, deletions, additions and/or insertions 
such that the ability of the variant to react with antigen-specific antisera is not 
substantially diminished. Within certain embodiments, the prostate tumor protein 
comprises an amino acid sequence encoded by a DNA molecule having a sequence 

25 selected from the group consisting of nucleotide sequences recited in SEQ ID NOs: 2-3, 
5-107, 109-11, 115-171, 173-175, 177, 179-228, 229-305, 307-326, 328, 330, 332-335 
and complements of such polynucleotides. Polynucleotides that encode all or a portion 
of a prostate tumor protein are also provided. Such polypeptides, polynucleotides, and 
compounds that bind to the polypeptides, may be used in the diagnosis and monitoring 

30 of cancer, such as prostate cancer. 



In one specific aspect of the present invention, methods are provided for 
determining the presence or absence of prostate cancer in a patient, comprising: (a) 
contacting a biological sample obtained from a patient with a binding agent that is 
capable of binding to one of the above polypeptides; and (b) detecting in the sample an 
amount of polypeptide that binds to the binding agent, relative to a predetermined cut- 
off value, and therefrom determining the presence or absence of a cancer in the patient. 
In preferred embodiments, the binding agent is an antibody, most preferably a 
monoclonal antibody. 

In related aspects, methods are provided for monitoring the progression 
of prostate cancer in a patient, comprising: (a) contacting a biological sample obtained 
from a patient with a binding agent that is capable of binding to one of the above 
polypeptides; (b) determining in the sample an amount of a protein or polypeptide that 
binds to the binding agent; (c) repeating steps (a) and (b); and comparing the amounts 
of polypeptide detected in steps (b) and (c). 

Within related aspects, the present invention provides antibodies, 
preferably monoclonal antibodies, that bind to a polypeptide as described above, as well 
as diagnostic kits comprising such antibodies, and methods of using such antibodies to 
inhibit the development of prostate cancer. 

The present invention further provides methods for determining the 
presence or absence of prostate cancer in a patient, comprising the steps of: (a) 
contacting a biological sample obtained from a patient with an oligonucleotide that 
hybridizes to a polynucleotide that encodes a prostate tumor protein, wherein the 
prostate tumor protein comprises an amino acid sequence that is encoded by a 
polynucleotide sequence selected from the group consisting of: (i) polynucleotides 
recited in any one of SEQ IDNOs:2-3 5 5-107, 109-11, 115-171, 173-175, 177, 179-228, 
229-305, 307-326, 328, 330, and 332-335; and (ii) complements of the foregoing 
polynucleotides; and (b) detecting in the sample a level of a polynucleotide that 
hybridizes to the oligonucleotide, relative to a predetermined cut-off value, and 
therefrom determining the presence or absence of prostate cancer in the patient. Within 
certain embodiments, the amount of mRNA is detected via polymerase chain reaction 



using, for example, at least one oligonucleotide primer that hybridizes to a 
polynucleotide that encodes a polypeptide as recited above, or a complement of such a 
polynucleotide. Within other embodiments, the amount of mRNA is detected using a 
hybridization technique, employing an oligonucleotide probe that hybridizes to a 
polynucleotide that encodes a polypeptide as recited above, or a complement of such a 
polynucleotide. In a preferred embodiment, at least one of the oligonucleotide primers 
comprises at least about 10 contiguous nucleotides of a DNA molecule having a partial 
sequence selected from the group consisting of SEQ ID NOs:2-3, 5-107, 109-1 1* 115- 
171, 173-175, 177, 179-228, 229-305, 307-326, 328, 330, and 332-335. 

In related aspects, methods are provided for monitoring the progression 
of prostate cancer in a patient, comprising the steps of: (a) contacting a biological 
sample obtained from a patient with an oligonucleotide that hybridizes to a 
polynucleotide that encodes a prostate tumor protein, wherein the antigen comprises an 
amino acid sequence that is encoded by a polynucleotide sequence selected from the 
group consisting of: (i) polynucleotides recited in any one of SEQ ID NOs:2-3, 5-107, 
109-11, 115-171, 173-175, 177, 179-228, 229-305, 307-326, 328, 330, and 332-335; 
and (ii) complements of the foregoing polynucleotides; (b) detecting in the sample an 
amount of a polynucleotide that hybridizes to the oligonucleotide; (c) repeating steps (a) 
and (b) using a biological sample obtained from the patient at a subsequent point in 
time; and (d) comparing the amount of polynucleotide detected in step (c) with the 
amount detected in step (b) and therefrom monitoring the progression of prostate cancer 
in the patient. 

In related aspects, diagnostic kits comprising the above oligonucleotide 
probes or primers are provided. 

These and other aspects of the present invention will become apparent 
upon reference to the following detailed description and attached drawings. All 
references disclosed herein are hereby incorporated by reference in their entirety as if 
each was incorporated individually. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a graph illustrating the ability of T cells to kill fibroblasts 
expressing the representative prostate tumor polypeptide P502S, as compared to control 
fibroblasts. The % lysis is shown at a series of effectoritarget ratios, as indicated. 
5 Figures 2A and 2B are graphs illustrating the ability of T cells to 

recognize cells expressing the representative prostate tumor polypeptide P502S. In each 
case, the number of y-interferon spots is shown for different numbers of responders. In 
Figure 2A 5 data is presented for fibroblasts pulsed with the P2S-12 peptide, as 
compared to fibroblasts pulsed with a control E75 peptide. In Figure 2B, data is 
10 presented for fibroblasts expressing P506, as compared to fibroblasts expressing HER- 
2/neu. 

Figure 3 represents a peptide competition binding assay showing that the 
P1S#10 peptide, derived from P501S, binds HLA-A2. Peptide P1S#10 inhibits HLA- 
A2 restricted presentation of fluM58 peptide to CTL clone D150M58 in TNF release 
15 bioassay. D150M58 CTL is specific for the HLA-A2 binding influenza matrix peptide 
fluM58. 

Figure 4 is a graph illustrating the ability of T cell lines generated from 
P1S#10 immunized mice to specifically lyse PlS#10-pulsed Jurkat A2Kb targets and 
P501S-transduced Jurkat A2Kb targets, as compared to EGFP-transduced Jurkat A2Kb. 
20 The per cent lysis is shown as a series of effector to target ratios, as indicated. 

Figures 5 illustrates the ability of a T cell clone to recognize and 
specifically lyse Jurkat A2Kb cells expressing the representative prostate tumor 
polypeptide P501S, thereby demonstrating that the PI S# 10 peptide may be a naturally 
processed epitope of the P501S polypeptide. 

25 

DETAILED DESCRIPTION OF THE INVENTION 

As noted above, the present invention is generally directed to compounds 
and methods for the diagnosis and monitoring of prostate cancer. The compositions 
described herein may include one or more prostate tumor polypeptides, nucleic acid 
30 sequences encoding such polypeptides, binding agents such as antibodies that bind to a 
polypeptide and/or immune system cells {e.g., T cells). Prostate tumor polypeptides of 
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the present invention generally comprise at least a portion of a prostate tumor protein or 
a variant thereof, such that the therapeutic, antigenic and/or immunogenic properties of 
the polypeptide are not substantially diminished relative to the native prostate tumor 
protein. A "prostate tumor protein" is a protein that is overexpressed (i.e., mRNA 
5 and/or protein is present at a level that is at least two fold higher) in prostate tumor 
tissue, relative to normal prostate tissue and/or relative to other tissues (e.g., brain, 
heart, kidney, liver, lung, pancreas, ovary, placenta, skeletal muscle, spleen and/or 
thymus). Nucleic acid sequences of the subject invention generally comprise a DNA or 
RNA sequence that encodes all or a portion of such a polypeptide, or that is 
10 complementary to such a sequence. Antibodies are generally immune system proteins, 
or antigen-binding fragments thereof, that are capable of binding to a portion of a 
polypeptide as described above. T cells that may be employed within such 
compositions are generally T cells that are specific for a polypeptide as described 
above. 

15 The present invention is based on the discovery of previously unknown 

human prostate tumor proteins. Partial sequences of polynucleotides encoding specific 
prostate tumor proteins (or complementary to such coding sequences) are provided in 
SEQ IDNOs:2-3, 5-107, 109-111, 115-171, 173-175, 177, 179-228, 229-305, 307-326, 
328, 330, and 332-335. 

20 

Prostate Tumor Polynucleotides 

The term "polynucleotide(s)," as used herein, means a single or double- 
stranded polymer of deoxyribonucleotide or ribonucleotide bases and includes DNA 
and corresponding RNA molecules, including HnRNA and mRNA molecules, both 

25 sense and anti-sense strands, and comprehends cDNA, genomic DNA and recombinant 
DNA, as well as wholly or partially synthesized polynucleotides. An HnRNA molecule 
contains introns and corresponds to a DNA molecule in a generally one-to-one manner. 
An mRNA molecule corresponds to an HnRNA and DNA molecule from which the 
introns have been excised. A polynucleotide may consist of an entire gene, or any 

30 portion thereof. Operable anti-sense polynucleotides may comprise a fragment of the 
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corresponding polynucleotide, and the definition of "polynucleotide" therefore includes 
all such operable anti-sense fragments. 

Any polynucleotide that encodes a prostate tumor protein or a portion or 
other variant thereof as described herein is encompassed by the present invention. 
5 Preferred polynucleotides comprise at least 1 0 consecutive nucleotides, and preferably 
at least 30 consecutive nucleotides, that encode a portion of a prostate tumor protein. 
More preferably, a polynucleotide encodes an immunogenic portion of a prostate tumor 
protein. Polynucleotides complementary to any such sequences are also encompassed 
by the present invention. 

10 Polynucleotides may comprise a native sequence {i.e., an endogenous 

sequence that encodes a prostate tumor protein or a portion thereof) or may comprise a 
variant of such a sequence. Polynucleotide variants may contain one or more 
substitutions, additions, deletions and/or insertions such that the therapeutic, antigenic 
and/or immunogenic properties are not substantially diminished, relative to a native 

15 prostate tumor protein. Such modifications may be readily introduced using standard 
mutagenesis techniques, such as oligonucleotide-directed site-specific mutagenesis as 
taught, for example, by Adelman et al. (DNA, 2:183, 1983). Preferably, the antigenicity 
or immunogenicity of a polypeptide variant is not substantially diminished. The effect 
on the immunogenicity of the encoded polypeptide may generally be assessed as 

20 described herein. Variants preferably exhibit at least about 70% identity, more 
preferably at least about 80% identity and most preferably at least about 90% identity to 
a polynucleotide sequence that encodes a native prostate tumor protein or a portion 
thereof. The percent identity may be readily determined by comparing sequences using 
computer algorithms well known to those of ordinary skill in the art, such as Megalign, 

25 using default parameters. Certain variants are substantially homologous to a native 
gene, or a portion or complement thereof Such polynucleotide variants are capable of 
hybridizing under moderately stringent conditions to a naturally occurring DNA 
sequence encoding a native prostate tumor protein (or a complementary sequence). 
Suitable moderately stringent conditions include prewashing in a solution of 5 X SSC, 

30 0.5% SDS, 1.0 mM EDTA (pH 8.0); hybridizing at 50°C-65°C, 5 X SSC, overnight; 
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followed by washing twice at 65°C for 20 minutes with each of 2X, 0.5X and 0.2X SSC 
containing 0. 1 % SDS). 

It will be appreciated by those of ordinary skill in the art that, as a result 
of the degeneracy of the genetic code, there are many nucleotide sequences that encode 
a polypeptide as described herein. Some of these polynucleotides bear minimal 
homology to the nucleotide sequence of any native gene. Nonetheless, polynucleotides 
that vary due to differences in codon usage are specifically contemplated by the present 
invention. 

Two nucleotide or polypeptide sequences are said to be "identical" if the 
sequence of nucleotides or amino acid residues in the two sequences is the same when 
aligned for maximum correspondence as described below. Comparisons between two 
sequences are typically performed by comparing the sequences over a comparison , 
window to identify and compare local regions of sequence similarity. A "comparisons 
window" as used herein, refers to a segment of at least about 20 contiguous positions, 
-usually 30 to about 75, more preferably 40 to about 50, in which a sequence may be 
compared to a reference sequence of the same number of contiguous positions after the 
two sequences are optimally aligned. 

Optimal alignment of sequences for comparison may be conducted using 
the Megalign program in the Lasergene suite of bioinformatics software (DNASTAR, 
Inc., Madison, WI), using default parameters. This program embodies several 
alignment schemes described in the following references: Dayhoff, M.O. (1978) A 
model of evolutionary change in proteins - Matrices for detecting distant relationships. 
In Dayhoff, M.O. (ed.) Atlas of Protein Sequence and Structure, National Biomedical 
Resarch Foundaiton, Washington DC Vol. 5, Suppl. 3, pp. 345-358; Hein J. (1990) 
Unified Approach to Alignment and Phylogenes pp. 626-645 Methods in Enzymology 
vol. 183, Academic Press, Inc., San Diego, CA; Higgins, D.G. and Sharp, P.M. (1989) 
Fast and sensitive multiple sequence alignments on a microcomputer CABIOS ,5:151- 
153; Myers, E.W. and Muller W. (1988) Optimal alignments in linear space CABIOS 
4:11-17; Robinson, E.D. (1971) Comb, Theor 77:105; Santou, N. Nes, M. (1987) The 
neighbor joining method. A new method for reconstructing phylogenetic trees Mol 



Biol Evol 4:406-425; Sneath, P.H.A. and Sokal, R.R. (1973) Numerical Taxonomy - 
the Principles and Practice of Numerical Taxonomy, Freeman Press, San Francisco, 
CA; Wilbur, W.J. and Lipman, D.J. (1983) Rapid similarity searches of nucleic acid and 
protein data banks Proc. Natl. Acad, ScL USA 50:726-730. 
5 Preferably, the "percentage of sequence identity" is determined by 

comparing two optimally aligned sequences over a window of comparison of at least 20 
positions, wherein the portion of the polynucleotide sequence in the comparison 
window may comprise additions or deletions (i.e. gaps) of 20 percent or less, usually 5 
to 15 percent, or 10 to 12 percent, as compared to the reference sequences (which does 

10 not comprise additions or deletions) for optimal alignment of the two sequences. The 
percentage is calculated by determining the number of positions at which the identical 
nucleic acid bases or amino acid residue occurs in both sequences to yield the number 
of matched positions, dividing the number of matched positions by the total number of 
positions in the reference sequence (i.e. the window size) and multiplying the results by 

15 100 to yield the percentage of sequence identity. 

Also included in the scope of the present invention are alleles of the 
genes encoding the nucleotide sequences recited herein. As used herein, an "allele" or 
"allellic sequence" is an alternative form of the gene which may result from at least, one. 
mutation in the nucleic acid sequence. Alleles may result in altered mRNAs or 

20 polypeptides whose structure or function may or may not be altered. Any given gene 
may have none, one, or many allelic forms. Common mutational changes which give 
rise to alleles are generally ascribed to natural deletions, additions, or substitutions of 
nucleotides. Each of these types of changes may occur alone or in combination with the 
others, one or more times in a given sequence. 

25 Polynucleotides may be prepared using any of a variety of techniques. 

For example, a polynucleotide may be identified, as described in more detail below, 
using a PCR-based subtraction protocol. Alternatively, polypeptides may be amplified 
via polymerase chain reaction (PCR) from cDNA prepared from prostate tumor cells. 
For this approach, sequence-specific primers may be designed based on the sequences 

30 provided herein, and may be purchased or synthesized. 



An amplified portion may be used to isolate a full length gene from a 
suitable library (e.g., a prostate tumor cDNA library) using well known techniques. 
Within such techniques, a library (cDNA or genomic) is screened using one or more 
polynucleotide probes or primers suitable for amplification. Preferably, a library is 
5 size-selected to include larger molecules. Random primed libraries may also be 
preferred for identifying 5' and upstream regions of genes. Genomic libraries are 
preferred for obtaining introns and extending 5 f sequences. 

For hybridization techniques, a partial sequence may be labeled (e.g., by 
nick-translation or end-labeling with 32 P) using well known techniques. A bacterial or 
10 bacteriophage library is then screened by hybridizing filters containing denatured 
bacterial colonies (or lawns containing phage plaques) with the labeled probe (see 
Sambrook et al., Molecular Cloning; A Laboratory Manual, Cold Spring Harbor 
jy Laboratories, Cold Spring Harbor, NY, 1989). Hybridizing colonies or plaques are 

63 selected and expanded, and the DNA is isolated for further analysis. cDNA clones may 

15 be analyzed to determine the amount of additional sequence by, for example, PCR using 
W a primer from the partial sequence and a primer from the vector. Restriction maps and 

M= partial sequences may be generated to identify one or more overlapping clones. The 

complete sequence may then be determined using standard techniques, which may 
jup involve generating a series of deletion clones. The resulting overlapping sequences are 

20 then assembled into a single contiguous sequence. A full length cDNA molecule can be 
generated by ligating suitable fragments, using well known techniques. 

Alternatively, there are numerous amplification techniques for obtaining 
a full length coding sequence from a partial cDNA sequence. Within such techniques, 
amplification is generally performed via PCR. Any of a variety of commercially 
25 available kits may be used to perform the amplification step. Primers may be designed 
using techniques well known in the art (see, for example, Mullis et al., Cold Spring 
Harbor Symp. Quant. Biol. .57:263, 1987; Erlich ed., PCR Technology, Stockton Press, 
NY, 1989), and software well known in the art may also be employed. Primers are 
preferably 22-30 nucleotides in length, have a GC content of at least 50% and anneal to 
30 the target sequence at temperatures of about 68°C to 72°C. The amplified region may 
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be sequenced as described above, and overlapping sequences assembled into a 
contiguous sequence. 

One such amplification technique is inverse PCR {see Triglia et al., NucL 
Acids Res. 76:8186, 1988), which uses restriction enzymes to generate a fragment in the 
5 known region of the gene. The fragment is then circularized by intramolecular ligation 
and used as a template for PCR with divergent primers derived from the known region. 
Within an alternative approach, sequences adjacent to a partial sequence may be 
retrieved by amplification with a primer to a linker sequence and a primer specific to a 
known region. The amplified sequences are typically subjected to a second round of 

10 amplification with the same linker primer and a second primer specific to the known 
region. A variation on this procedure, which employs two primers that initiate 
extension in opposite directions from the known sequence, is described in WO 
96/38591. Additional techniques include capture PCR (Lagerstrom et al., PCR Methods 
Applic. 7:111-19, 1991) and walking PCR (Parker et al., NucL Acids. Res. 7P:3055-60, 

15 1991). Transcription-Mediated Amplification, or TMA is another method that may be 
utilized for the amplification of DNA, rRNA, or mRNA, as described in Patent No. 
PCT/US9 1/03 184. This autocatalytic and isothermic non-PCR based method utilizes 
two primers and two enzymes: RNA polymerase and reverse transcriptase. One primer, 
contains a promoter sequence for RNA polymerase. In the first amplification, the 

20 promoter-primer hybridizes to the target rRNA at a defined site. Reverse transcriptase 
creates a DNA copy of the target rRNA by extension from the 3 'end of the promoter- 
primer. The RNA in the resulting complex is degraded and a second primer binds to the 
DNA copy. A new strand of DNA is synthesized from the end of the primer by reverse 
transcriptase creating double stranded DNA. RNA polymerase recognizes the promoter 

25 sequence in the DNA template and initiates transcription. Each of the newly 
synthesized RNA amplicons re-enters the TMA process and serves as a template for a 
new round of replication leading to the expotential expansion of the RNA amplicon. 
Other methods employing amplification may also be employed to obtain a full length 
cDNA sequence. 

30 In certain instances, it is possible to obtain a full length cDNA sequence 
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by analysis of sequences provided in an expressed sequence tag (EST) database, such as 
that available from GenBank. Searches for overlapping ESTs may generally be 
performed using well known programs (e.g., NCBI BLAST searches), and such ESTs 
may be used to generate a contiguous full length sequence. 
5 Certain nucleic acid sequences of cDNA molecules encoding portions of 

prostate tumor proteins are provided in SEQ ID NOS: 1-107, 109-111, 115-171, 173- 
175, 177, 179-228, 229-305, 307-326, 328, 330, and 332-335. The polynucleotides 
recited herein, as well as full length polynucleotides comprising such sequences, other 
portions of such full length polynucleotides, and sequences complementary to all or a 
10 portion of such full length molecules, are specifically encompassed by the present 
invention. 

Polynucleotide variants may generally be prepared by any method 
known in the art, including chemical synthesis by, for example, solid phase 
phosphoramidite chemical synthesis. Modifications in a polynucleotide sequence may 

15 also be introduced using standard mutagenesis techniques, such as oligonucleotide- 
directed site-specific mutagenesis (see Adelman et al., DNA 2:183, 1983). 
Alternatively, RNA molecules may be generated by in vitro or in vivo transcription of 
DNA sequences encoding a prostate tumor protein, or portion thereof, provided that the 
DNA is incorporated into a vector with a suitable RNA polymerase promoter (such as 

20 T7 or SP6). Certain portions may be used to prepare an encoded polypeptide, as 
described herein. In addition, or alternatively, a portion may be administered to a 
patient such that the encoded polypeptide is generated in vivo. 

A portion of a sequence complementary to a coding sequence (i.e., an 
antisense polynucleotide) may also be used as a probe or to modulate gene expression. 

25 cDNA constructs that can be transcribed into antisense RNA may also be introduced 
into cells of tissues to facilitate the production of antisense RNA. An antisense 
polynucleotide may be used, as described herein, to inhibit expression of a prostate 
tumor protein. Antisense technology can be used to control gene expression through 
triple-helix formation, which compromises the ability of the double helix to open 

30 sufficiently for the binding of polymerases, transcription factors or regulatory molecules 
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(see Gee et al., In Huber and Carr, Molecular and Immunologic Approaches, Futura 
Publishing Co. (Mt. Kisco, NY; 1994)). Alternatively, an antisense molecule may be 
designed to hybridize with a control region of a gene (e.g., promoter, enhancer or 
transcription initiation site), and block transcription of the gene; or to block translation 
5 by inhibiting binding of a transcript to ribosomes. 

A portion of a coding sequence or a complementary sequence may also 
be designed as a probe or primer to detect gene expression. Probes may be labeled by a 
variety of reporter groups, such as radionuclides and enzymes, and are preferably at 
least 10 nucleotides in length, more preferably at least 20 nucleotides in length and still 
10 more preferably at least 30 nucleotides in length. Primers, as noted above, are 
preferably 22-30 nucleotides in length. 

Any polynucleotide may be further modified to increase stability in vivo. 
Possible modifications include, but are not limited to, the addition of flanking 

15 sequences at the 5' and/or 3' ends; the use of phosphorothioate or 2 f O-methyl rather 
than phosphodiesterase linkages in the backbone; and/or the inclusion of nontraditional 
bases such as inosine, queosine and wybutosine, as well as acetyl- methyl-, thio- and 
other modified forms of adenine, cytidine, guanine, thymine and uridine. 

Nucleotide sequences as described herein may be joined to a variety of 

20 other nucleotide sequences using established recombinant DNA techniques. For 
example, a polynucleotide may be cloned into any of a variety of cloning vectors, 
including plasmids, phagemids, lambda phage derivatives and cosmids. Vectors of 
particular interest include expression vectors, replication vectors, probe generation 
vectors and sequencing vectors. In general, a vector will contain an origin of replication 

25 functional in at least one organism, convenient restriction endonuclease sites and one or 
more selectable markers. Other elements will depend upon the desired use, and will be 
apparent to those of ordinary skill in the art. 

Within certain embodiments, polynucleotides may be formulated so as to 
permit entry into a cell of a mammal, and expression therein. Such formulations are 

30 particularly useful for therapeutic purposes, as described below. Those of ordinary skill 
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in the art will appreciate that there are many ways to achieve expression of a 
polynucleotide in a target cell, and any suitable method may be employed. For 
example, a polynucleotide may be incorporated into a viral vector such as, but not 
limited to, adenovirus, adeno-associated virus, retrovirus, or vaccinia or other pox virus 
5 (e.g., avian pox virus). Techniques for incorporating polynucleotides into such vectors 
are well known to those of ordinary skill in the art. A retroviral vector may additionally 
transfer or incorporate a gene for a selectable marker (to aid in the identification or 
selection of transduced cells) and/or a targeting moiety, such as a gene that encodes a 
ligand for a receptor on a specific target cell, to render the vector target specific. 

10 Targeting may also be accomplished using an antibody, by methods known to those of 
ordinary skill in the art. 

Other formulations for therapeutic purposes include colloidal dispersion 
systems, such as macromolecule complexes, nanocapsules, microspheres, beads, and 
lipid-based systems including oil-in-water emulsions, micelles, mixed micelles, and 

15 liposomes. A preferred colloidal system for use as a delivery vehicle in vitro and in 
vivo is a liposome {i.e., an artificial membrane vesicle). The preparation and use of 
such systems is well known in the art. 

Prostate Tumor Polypeptides 

20 Within the context of the present invention, polypeptides may comprise 

at least a portion of a prostate tumor protein or a variant thereof, as described herein. 
As noted above, a "prostate tumor protein" is a protein that is overexpressed by prostate 
tumor cells, relative to normal prostate cells and/or other tissues such as brain, heart, 
kidney, liver, lung, pancreas, ovary, placenta, skeletal muscle, spleen and/or thymus. 

25 Such polypeptides should comprise a portion of a prostate tumor protein such that the 
therapeutic, antigenic and/or immunogenic properties of the polypeptide are not 
substantially diminished, relative to the full length protein. Within certain preferred 
embodiments, a polypeptide comprises an immunogenic portion of a native prostate 
tumor protein (i.e., the immunogenic properties of the polypeptide are not substantially 

30 diminished). As used herein, the term "polypeptide" encompasses amino acid chains of 



any length, including full length proteins, wherein the amino acid residues are linked by 
covalent peptide bonds. In addition to a portion of a prostate tumor protein, additional 
sequences derived from the native protein and/or heterologous sequences may be 
present, and such sequences may (but need not) possess further immunogenic or 
5 antigenic properties. 

An "immunogenic portion," as used herein is a portion of an antigen that 
is recognized (i.e., specifically bound) by a B-cell and/or T-cell surface antigen 
receptor. Such immunogenic portions generally comprise at least 5 amino acid 
residues, more preferably at least 10, and still more preferably at least 20 amino acid 
10 residues of a prostate tumor protein or a variant thereof. Immunogenic portions of 

2 i 

;S prostate tumor proteins provided herein may generally be identified using well known 

!;-*? techniques, such as those summarized in Paul, Fundamental Immunology, 3rd ed., 243- 

W 247 (Raven Press, 1993) and references cited therein. Such techniques include 

fy screening polypeptides for the ability to react with antigen-specific antibodies, antisera 

15 and/or T-cell lines or clones. As used herein, antisera and antibodies are "antigen- 

H specific" if they specifically bind to an antigen (i.e., they react with the antigen in an 

I?* 

!?£ ELISA or other immunoassay, and do not react detectably with unrelated proteins). 

hi Such antisera and antibodies may be prepared as described herein, and using well 

known techniques. An immunogenic portion of a native prostate tumor protein is a 

20 portion that reacts with such antisera and/or T-cells at a level that is not substantially 
less than the reactivity of the full length polypeptide (e.g., in an ELISA and/or T-cell 
reactivity assay). Such immunogenic portions may react within such assays at a level 
that is similar to or greater than the reactivity of the full length polypeptide. 
Alternatively, an immunogenic portion may react within such assays at a level that is 

25 diminished by less than 50%, and preferably less than 20%, relative to the full length 
polypeptide. Such screens may generally be performed using methods well known to 
those of ordinary skill in the art, such as those described in Harlow and Lane, 
Antibodies: A Laboratory Manual, Cold Spring Harbor Laboratory, 1988. For example, 
a polypeptide may be immobilized on a solid support and contacted with patient sera to 

30 allow binding of antibodies within the sera to the immobilized polypeptide. Unbound 
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sera may then be removed and bound antibodies detected using, for example, l25 I- 
labeled Protein A. 

As noted above, a polypeptide may comprise a variant of a native 
prostate tumor protein. A polypeptide "variant," as used herein, is a polypeptide that 
5 differs from a native prostate tumor protein in one or more substitutions, deletions, 
additions and/or insertions, such that the therapeutic, antigenic and/or immunogenic 
properties are not substantially diminished. Preferably, the immunogenic properties are 
not substantially diminished. In other words, the ability of a variant to react with 
antigen-specific antisera may be enhanced or unchanged, relative to the native antigen, 

10 or may be diminished by less than 50%, and preferably less than 20%, relative to the 
native antigen. Polypeptide variants preferably exhibit at least about 70%, more 
preferably at least about 90% and most preferably at least about 95% identity, to 
polypeptides encoded by polynucleotides specifically recited herein. Identity may be 
determined by comparing sequences using computer algorithms well known to those of 

15 skill in the art, such as Megalign, using default parameters. For prostate tumor 
polypeptides with immunoreactive properties, variants may generally be identified by 
modifying one of the above polypeptide sequences and evaluating the reactivity of the 
modified polypeptide with antigen-specific antibodies or antisera as described herein. 
For prostate tumor polypeptides useful for the generation of diagnostic binding agents, a 

20 variant may be identified by evaluating a modified polypeptide for the ability to 
generate antibodies that detect the presence or absence of prostate cancer. Such 
modified sequences may be prepared and tested using, for example, the representative 
procedures described herein. 

Preferably, a variant contains conservative substitutions. A 

25 "conservative substitution" is one in which an amino acid is substituted for another 
amino acid that has similar properties, such that one skilled in the art of peptide 
chemistry would expect the secondary structure and hydropathic nature of the 
polypeptide to be substantially unchanged. Amino acid substitutions may generally be 
made on the basis of similarity in polarity, charge, solubility, hydrophobicity, 

30 hydrophilicity and/or the amphipathic nature of the residues. For example, negatively 



charged amino acids include aspartic acid and glutamic acid; positively charged amino 
acids include lysine and arginine; and amino acids with uncharged polar head groups 
having similar hydrophilicity values include leucine, isoleucine and valine; glycine and 
alanine; asparagine and glutamine; and serine, threonine, phenylalanine and tyrosine. 
5 Other groups of amino acids that may represent conservative changes include: (1) ala, 
pro, gly, glu, asp, gin, asn, ser, thr; (2) cys, ser, tyr, thr; (3) val, ile, leu, met, ala, phe; 
(4) lys, arg, his; and (5) phe, tyr, trp, his. A variant may also, or alternatively, contain 
nonconservative changes. Variants containing substitutions may also (or alternatively) 
be modified by, for example, the deletion or addition of amino acids that have minimal 
10 influence on the immunogenicity, secondary structure and hydropathic nature of the 
polypeptide. 

As noted above, polypeptides may comprise a signal (or leader) 
sequence at the N-terminal end of the protein which co-translationally or post- 
translationally directs transfer of the protein. The polypeptide may also be conjugated 

15 to a linker or other sequence for ease of synthesis, purification or identification of the 
polypeptide (e.g., poly-His), or to enhance binding of the polypeptide to a solid support. 
For example, a polypeptide may be conjugated to an immunoglobulin Fc region. 

Polypeptides may be prepared using any of a variety of well known 
techniques. Recombinant polypeptides encoded by polynucleotide sequences as 

20 described above may be readily prepared from the polynucleotide sequences using any 
of a variety of expression vectors known to those of ordinary skill in the art. Expression 
may be achieved in any appropriate host cell that has been transformed or transfected 
with an expression vector containing a polynucleotide molecule that encodes a 
recombinant polypeptide. Suitable host cells include prokaryotes, yeast and higher 

25 eukaryotic cells. Preferably, the host cells employed are E. coli, yeast or a mammalian 
cell line, such as CHO cells. Supernatants from suitable host/vector systems which 
secrete recombinant protein or polypeptide into culture media may be first concentrated 
using a commercially available filter. Following concentration, the concentrate may be 
applied to a suitable purification matrix such as an affinity matrix or an ion exchange 

30 resin. Finally, one or more reverse phase HPLC steps can be employed to further purify 
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a recombinant polypeptide. 

Portions and other variants having fewer than about 100 amino acids, 
and generally fewer than about 50 amino acids, may also be generated by synthetic 
means, using techniques well known to those of ordinary skill in the art. For example, 
5 such polypeptides may be synthesized using any of the commercially available solid- 
phase techniques, such as the Merrifield solid-phase synthesis method, where amino 
acids are sequentially added to a growing amino acid chain. See Merrifield, J, Am. 
Chem. Soc. #5:2149-2146, 1963. Equipment for automated synthesis of polypeptides is 
commercially available from suppliers such as Applied BioSystems, Inc. (Foster City, 
10 CA), and may be operated according to the manufacturer's instructions. 

Within certain specific embodiments, a polypeptide may be a fusion 
I ;i protein that comprises multiple polypeptides as described herein, or that comprises one 

sjj polypeptide as described herein and a known prostate tumor antigen, or a variant of 

m such an antigen. A fusion protein generally comprises at least one of the above 

*** 15 immunogenic portions and one or more additional immunogenic prostate tumor 
]*j sequences, which are joined via a peptide linkage into a single amino acid chain. The 

M sequences may be joined directly (i.e., with no intervening amino acids) or may be 

«a joined by way of a linked sequence (e.g., Gly-Cys-Gly) that does not significantly 

^ diminish the immunogenic properties of the component polypeptides. 

20 Fusion proteins may generally be prepared using standard techniques. 

For example, a fusion protein may be prepared recombinantly. Briefly, DNA sequences 
encoding the polypeptide components may be assembled separately, and ligated into an 
appropriate expression vector. The 3' end of the DNA sequence encoding one 
polypeptide component is ligated, with or without a peptide linker, to the 5* end of a 
25 DNA sequence encoding the second polypeptide component so that the reading frames 
of the sequences are in phase. This permits translation into a single fusion protein that 
retains the biological activity of both component polypeptides. 

A peptide linker sequence may be employed to separate the first and the 
second polypeptide components by a distance sufficient to ensure that each polypeptide 
30 folds into its secondary and tertiary structures. Such a peptide linker sequence may be 
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incorporated into the fusion protein using standard techniques well known in the art. 
Suitable peptide linker sequences may be chosen based on the following factors: 
(1) their ability to adopt a flexible extended conformation; (2) their inability to adopt a 
secondary structure that could interact with functional epitopes on the first and second 
5 polypeptides; and (3) the lack of hydrophobic or charged residues that might react with 
the polypeptide functional epitopes. Preferred peptide linker sequences contain Gly, 
Asn and Ser residues. Other near neutral amino acids, such as Thr and Ala may also be 
used in the linker sequence. Amino acid sequences which may be usefully employed as 
linkers include those disclosed in Maratea etal. 5 Gene 40:39-46, 1985; Murphy etal., 
10 Proc. Natl Acad. Sci. USA 55:8258-8262, 1986; U.S. Patent No. 4,935,233 and U.S. 
;S Patent No. 4,751,180. The linker sequence may generally be from 1 to about 50 amino 

f * acids in length. Linker sequences are not required when the first and , second 

Pi polypeptides have non-essential N-terminal amino acid regions that can be used to. 

An separate the functional domains and prevent steric interference. 

^~ 15 The ligated polynucleotide sequences are operably linked to suitable 

yS transcriptional or translational regulatory elements. The regulatory elements 

!?& responsible for expression of polynucleotide are located only 5' to the polynucleotide 

Zi sequence encoding the first polypeptides. Similarly, stop codons required to end 

translation and transcription termination signals are only present 3' to the 
20 polynucleotide sequence encoding the second polypeptide. 

Fusion proteins are also provided that comprise a polypeptide of the 
present invention together with an unrelated immunogenic protein. Preferably the 
immunogenic protein is capable of eliciting a recall response. Examples of such 
proteins include tetanus, tuberculosis and hepatitis proteins (see, for example, Stoute 
25 et al. New Engl J Med., 555:86-91, 1997). 

In general, polypeptides (including fusion proteins) and polynucleotides 
as described herein are isolated. An "isolated" polypeptide or polynucleotide is one that 
is removed from its original environment. For example, a naturally-occurring protein is 
isolated if it is separated from some or all of the coexisting materials in the natural 
30 system. Preferably, such polypeptides are at least about 90% pure, more preferably at 
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least about 95% pure and most preferably at least about 99% pure. A polynucleotide is 
considered to be isolated if, for example, it is cloned into a vector that is not a part of 
the natural environment. 

Binding Agents 

The present invention further provides agents, such as antibodies and 
antigen-binding fragments thereof, that specifically bind to a prostate tumor protein. As 
used herein, an agent is said to "specifically bind" to a prostate tumor protein if it reacts 
at a detectable level (within, for example, an ELISA) with a prostate tumor protein, and 
does not react detectably with unrelated proteins under similar conditions. As used 
herein, "binding" refers to a noncovalent association between two separate molecules 
such that a "complex" is formed. The ability to bind may be evaluated by, for example, 
determining a binding constant for the formation of the complex. The binding constant 
is the value obtained when the concentration of the complex is divided by the product of 
the component concentrations. In general, two compounds are said to "bind," in the 
context of the present invention, when the binding constant for complex formation 
exceeds about 10 3 L/mol. The binding constant may be determined using methods well 
known in the art. 

Binding agents are further capable of detecting metastatic prostate 
tumors and differentiating between patients with and without prostate cancer, using a 
representative assay provided herein. In other words, antibodies or other binding agents 
that bind to a prostate tumor protein will generate a signal indicating the presence of 
prostate cancer in at least about 20% of patients with the disease, and will generate a 
negative signal indicating the absence of the disease in at least about 90% of individuals 
without the cancer. To determine whether a binding agent satisfies this requirement, 
biological samples {e.g., blood, blood-associated tumor cells, sera, urine, biopsies 
and/or prostate secretions) from patients with and without prostate cancer (as 
determined using standard clinical tests) may be assayed as described herein for the 
presence of polypeptides or polynucleotides that bind to the binding agent. It will be 
apparent that a statistically significant number of samples with and without the disease 



should be assayed. Each binding agent should satisfy the above criteria; however, those 
of ordinary skill in the art will recognize that binding agents may be used in 
combination to improve sensitivity. 

If an immunogenic portion is employed, the resulting antibody should 
5 indicate the presence of prostate cancer in substantially all (i.e., at least 80%, and 
preferably at least 90%) of the patients for which prostate cancer would be indicated 
using an antibody raised against the full length antigen. The antibody should also 
indicate the absence of prostate cancer in substantially all of those samples that would 
be negative when tested with an antibody raised against the full length antigen. The 
10 representative assays provided herein, such as the two-antibody sandwich assay, may 
generally be employed for evaluating the ability of an antibody to detect prostate 
cancer. 

Binding agents may be further linked to a reporter group, to facilitate 
diagnostic assays. Suitable reporter groups will be apparent to those of ordinary skill in 

15 the art, and include enzymes (such as horseradish peroxidase), substrates, cofactors, 
inhibitors, dyes, radionuclides, luminescent groups, fluorescent groups and biotin. The 
conjugation of antibody to reporter group may be achieved using standard methods 
known to those of ordinary skill in the art. 

Any agent that satisfies the above requirements may be a binding agent. 

20 For example, a binding agent may be a ribosome, with or without a peptide component, 
an RNA molecule or a polypeptide. In a preferred embodiment, a binding agent is an 
antibody or an antigen-binding fragment thereof. Such antibodies may be polyclonal or 
monoclonal. In addition, the antibodies may be single chain, chimeric, CDR-grafted or 
humanized. 

25 Antibodies may be prepared by any of a variety of techniques known to 

those of ordinary skill in the art. See, e.g., Harlow and Lane, Antibodies: A Laboratory 
Manual, Cold Spring Harbor Laboratory, 1988. In general, antibodies can be produced 
by cell culture techniques, including the generation of monoclonal antibodies as 
described herein, or via transfection of antibody genes into suitable bacterial or 

30 mammalian cell hosts, in order to allow for the production of recombinant antibodies. 
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In one technique, an immunogen comprising the polypeptide is initially injected into 
any of a wide variety of mammals (e.g., mice, rats, rabbits, sheep or goats). In this step, 
the polypeptides of this invention may serve as the immunogen without modification. 
Alternatively, particularly for relatively short polypeptides, a superior immune response 
5 may be elicited if the polypeptide is joined to a carrier protein, such as bovine serum 
albumin or keyhole limpet hemocyanin. The immunogen is injected into the animal 
host, preferably according to a predetermined schedule incorporating one or more 
booster immunizations, and the animals are bled periodically. Polyclonal antibodies 
specific for the polypeptide may then be purified from such antisera by, for example, 

10 affinity chromatography using the polypeptide coupled to a suitable solid support. 

Monoclonal antibodies specific for the antigenic polypeptide of interest 
may be prepared, for example, using the technique of Kohler and Milstein, Eur: J. 
Immunol. 5:511-519, 1976, and improvements thereto. Briefly, these methods involve 
the preparation of immortal cell lines capable of producing antibodies having the 

15 desired specificity (i.e., reactivity with the polypeptide of interest). Such cell lines may 
be produced, for example, from spleen cells obtained from an animal immunized as 
described above. The spleen cells are then immortalized by, for example, fusion with a 
myeloma cell fusion partner, preferably one that is syngeneic with the immunized 
animal. A variety of fusion techniques may be employed. For example, the spleen cells 

20 and myeloma cells may be combined with a nonionic detergent for a few minutes and 
then plated at low density on a selective medium that supports the growth of hybrid 
cells, but not myeloma cells. A preferred selection technique uses HAT (hypoxanthine, 
aminopterin, thymidine) selection. After a sufficient time, usually about 1 to 2 weeks, 
colonies of hybrids are observed. Single colonies are selected and their culture 

25 supernatants tested for binding activity against the polypeptide. Hybridomas having 
high reactivity and specificity are preferred. 

Monoclonal antibodies may be isolated from the supernatants of growing 
hybridoma colonies. In addition, various techniques may be employed to enhance the 
yield, such as injection of the hybridoma cell line into the peritoneal cavity of a suitable 

30 vertebrate host, such as a mouse. Monoclonal antibodies may then be harvested from 
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the ascites fluid or the blood. Contaminants may be removed from the antibodies by 
conventional techniques, such as chromatography, gel filtration, precipitation, and 
extraction. The polypeptides of this invention may be used in the purification process 
within, for example, an affinity chromatography step. 

Within certain embodiments, the use of antigen-binding fragments of 
antibodies may be preferred. Such fragments include Fab fragments, which may be 
prepared using standard techniques. Briefly, immunoglobulins may be purified from 
rabbit serum by affinity chromatography on Protein A bead columns (Harlow and Lane, 
Antibodies: A Laboratory Manual, Cold Spring Harbor Laboratory, 1988) and digested 
by papain to yield Fab and Fc fragments. The Fab and Fc fragments may be separated 
by affinity chromatography on protein A bead columns. 

Monoclonal antibodies of the present invention may be coupled to one or 
more therapeutic agents. Suitable agents in this regard include radionuclides, 
differentiation inducers, drugs, toxins, and derivatives thereof. Preferred radionuclides 
include 90 Y, 123 I, 125 I, I31 I, 186 Re, 188 Re, 2,, At, and 212 Bi. Preferred drugs include 
methotrexate, and pyrimidine and purine analogs. Preferred differentiation inducers 
include phorbol esters and butyric acid. Preferred toxins include ricin, abrin, diptheria 
toxin, cholera toxin, gelonin, Pseudomonas exotoxin, Shigella toxin, and pokeweed 
antiviral protein. 

A therapeutic agent may be coupled (e.g., covalently bonded) to a 
suitable monoclonal antibody either directly or indirectly (e.g., via a linker group). A 
direct reaction between an agent and an antibody is possible when each possesses a 
substituent capable of reacting with the other. For example, a nucleophilic group, such 
as an amino or sulfhydryl group, on one may be capable of reacting with a carbonyl- 
containing group, such as an anhydride or an acid halide, or with an alkyl group 
containing a good leaving group (e.g., a halide) on the other. 

Alternatively, it may be desirable to couple a therapeutic agent and an 
antibody via a linker group. A linker group can function as a spacer to distance an 
antibody from an agent in order to avoid interference with binding capabilities. A 
linker group can also serve to increase the chemical reactivity of a substituent on an 
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agent or an antibody, and thus increase the coupling efficiency. An increase in 
chemical reactivity may also facilitate the use of agents, or functional groups on agents, 
which otherwise would not be possible. 

It will be evident to those skilled in the art that a variety of bifunctional 
or polyfunctional reagents, both homo- and hetero-fiinctional (such as those described 
in the catalog of the Pierce Chemical Co., Rockford, IL), may be employed as the linker 
group. Coupling may be effected, for example, through amino groups, carboxyl groups, 
sulfhydryl groups or oxidized carbohydrate residues. There are numerous references 
describing such methodology, e.g., U.S. Patent No. 4,671,958, to Rodwell et al. 

Where a therapeutic agent is more potent when free from the antibody 
portion of the immunoconjugates of the present invention, it may be desirable to use a 
linker group which is cleavable during or upon internalization into a cell. A number of 
different cleavable linker groups have been described. The mechanisms for the 
intracellular release of an agent from these linker groups include cleavage by reduction 
of a disulfide bond {e.g., U.S. Patent No. 4,489,710, to Spitler), by irradiation of a 
photolabile bond {e.g., U.S. Patent No. 4,625,014, to Senter etal.), by hydrolysis of 
derivatized amino acid side chains {e.g., U.S. Patent No. 4,638,045, to Kohn et al.), by 
serum complement-mediated hydrolysis {e.g., U.S. Patent No. 4,671,958, to Rodwell 
et al.), and acid-catalyzed hydrolysis {e.g., U.S. Patent No. 4,569,789, to Blattler et al.). 

It may be desirable to couple more than one agent to an antibody. In one 
embodiment, multiple molecules of an agent are coupled to one antibody molecule. In 
another embodiment, more than one type of agent may be coupled to one antibody. 
Regardless of the particular embodiment, immunoconjugates with more than one agent 
may be prepared in a variety of ways. For example, more than one agent may be 
coupled directly to an antibody molecule, or linkers which provide multiple sites for 
attachment can be used. Alternatively, a carrier can be used. 

A carrier may bear the agents in a variety of ways, including covalent 
bonding either directly or via a linker group. Suitable carriers include proteins such as 
albumins {e.g., U.S. Patent No. 4,507,234, to Kato et al.), peptides and polysaccharides 
such as aminodextran {e.g., U.S. Patent No. 4,699,784, to Shih et al.). A carrier may 
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also bear an agent by noncovalent bonding or by encapsulation, such as within a 
liposome vesicle (e.g., U.S. Patent Nos. 4,429,008 and 4,873,088). Carriers specific for 
radionuclide agents include radiohalogenated small molecules and . chelating 
compounds. For example, U.S. Patent No. 4,735,792 discloses representative 
5 radiohalogenated small molecules and their synthesis. A radionuclide chelate may be 
formed from chelating compounds that include those containing nitrogen and sulfur 
atoms as the donor atoms for binding the metal, or metal oxide, radionuclide. U.S. 
Patent No. 4,673,562, to Davison et al. discloses representative chelating compounds 
and their synthesis. 

10 A variety of routes of administration for the antibodies and 

immunoconjugates may be used. Typically, administration is intravenous, 
intramuscular, subcutaneous or in the bed of a resected tumor. It will be evident that the 
precise dose of the antibody/immunoconjugate will vary depending upon the antibody 
used, the antigen density on the tumor, and the rate of clearance of the antibody. 

15 

Pharmaceutical Compositions and Vaccines 

Within certain aspects, polypeptides, polynucleotides and/or binding 
agents may be incorporated into pharmaceutical compositions or vaccines. 
Pharmaceutical compositions comprise one or more such compounds and a 

20 physiologically acceptable carrier. Vaccines may comprise one or more such 
compounds and a non-specific immune response enhancer. A non-specific immune 
response enhancer may be any substance that enhances an immune response to an 
exogenous antigen. Examples of non-specific immune response enhancers include 
adjuvants, biodegradable microspheres (e.g., polylactic galactide) and liposomes (into 

25 which the compound is incorporated). Pharmaceutical compositions and vaccines 
within the scope of the present invention may also contain other compounds, which 
may be biologically active or inactive. For example, one or more immunogenic 
portions of other tumor antigens may be present, either incorporated into a fusion 
polypeptide or as a separate compound within the composition or vaccine. 

30 A pharmaceutical composition or vaccine may contain polynucleotides 
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encoding one or more of the polypeptides as described above, such that the polypeptide 
is generated in situ. As noted above, the polynucleotides may be present within any of a 
variety of delivery systems known to those of ordinary skill in the art, including nucleic 
acid expression systems, bacteria and viral expression systems. Appropriate nucleic 
5 acid expression systems contain the necessary polynucleotide sequences for expression 
in the patient (such as a suitable promoter and terminating signal). Bacterial delivery 
systems involve the administration of a bacterium (such as Bacillus-Calmette-Guerriri) 
that expresses an immunogenic portion of the polypeptide on its cell surface. In a 
preferred embodiment, the polynucleotides may be introduced using a viral expression 

10 system (e.g., vaccinia or other pox virus, retrovirus, or adenovirus), which may involve 
the use of a non-pathogenic (defective), replication competent virus. Suitable systems 
are disclosed, for example, in Fisher-Hoch et al., PNAS 55:317-321, 1989; Flexner- et 
&UAnn. NY. Acad. Set 559:86-103, 1989; Flexner et al., Vaccine 5:17-21, 1990; U.S. 
Patent Nos. 4,603,1 12, 4,769,330, and 5,017,487; WO 89/01973; U.S. Patent 

15 No. 4,777,127; GB 2,200,651; EP 0,345,242; WO 91/02805; Berkner, Biotechniques 
5:616-627, 1988; Rosenfeld et al., Science 252:431-434, 1991; Kolls et al., PNAS 
97:215-219, 1994; Kass-Eisler et al., PNAS 90:11498-11502, 1993; Guzman et al., 
Circulation 55:2838-2848, 1993; and Guzman et al., Cir. Res. 75:1202-1207, 1993. 
Techniques for incorporating polynucleotides into such expression systems are well 

20 known to those of ordinary skill in the art. The polynucleotides may also be "naked," as 
described, for example, in Ulmer et al., Science 259:1745-1749, 1993 and reviewed by 
Cohen, Science 259:1691-1692, 1993. The uptake of naked polynucleotides may be 
increased by coating the polynucleotides onto biodegradable beads, which are 
efficiently transported into the cells. 

25 While any suitable carrier known to those of ordinary skill in the art may 

be employed in the pharmaceutical compositions of this invention, the type of carrier 
will vary depending on the mode of administration. Compositions of the present 
invention may be formulated for any appropriate manner of administration including, 
for example, topical, oral, nasal, intravenous, intracranial, intraperitoneal, subcutaneous 

30 or intramuscular administration. For parenteral administration, such as subcutaneous 



injection, the carrier preferably comprises water, saline, alcohol, a fat, a wax or a buffer. 
For oral administration, any of the above carriers or a solid carrier, such as mannitol, 
lactose, starch, magnesium stearate, sodium saccharine, talcum, cellulose, glucose, 
sucrose, and magnesium carbonate, may be employed. Biodegradable microspheres 
5 (e.g., polylactate polyglycolate) may also be employed as carriers for the 
pharmaceutical compositions of this invention. Suitable biodegradable microspheres 
are disclosed, for example, in U.S. Patent Nos. 4,897,268 and 5,075,109. 

Such compositions may also comprise buffers (e.g., neutral buffered 
saline or phosphate buffered saline), carbohydrates (e.g., glucose, mannose, sucrose or 
10 dextrans), mannitol, proteins, polypeptides or amino acids such as glycine, antioxidants, 
]q chelating agents such as EDTA or glutathione, adjuvants (e.g., aluminum hydroxide) 

I* and/or preservatives. Alternatively, compositions of the present invention may, be 

|;J formulated as a lyophilizate. Compounds may also be encapsulated within liposomes 

m using well known technology. 

15 Any of a variety of non-specific immune response enhancers may be 

j*f employed in the vaccines of this invention. For example, an adjuvant may be included. 

Most adjuvants contain a substance designed to protect the antigen from rapid 
catabolism, such as aluminum hydroxide or mineral oil, and a stimulator of immune 
^ responses, such as lipid A, Bortadella pertussis or Mycobacterium tuberculosis derived 

20 proteins. Suitable adjuvants are commercially available as, for example, Freund's 
Incomplete Adjuvant and Complete Adjuvant (Difco Laboratories, Detroit, MI), Merck 
Adjuvant 65 (Merck and Company, Inc., Rahway, NJ), alum, biodegradable 
microspheres, monophosphoryl lipid A and quil A. Cytokines, such as GM-CSF or 
interleukin-2, -7, or -12, may also be used as adjuvants. 
25 The compositions described herein may be administered as part of a 

sustained release formulation (i.e., a formulation such as a capsule or sponge that effects 
a slow release of compound following administration). Such formulations may 
generally be prepared using well known technology and administered by, for example, 
oral, rectal or subcutaneous implantation, or by implantation at the desired target site. 
30 Sustained-release formulations may contain a polypeptide, polynucleotide or antibody 



dispersed in a carrier matrix and/or contained within a reservoir surrounded by a rate 
controlling membrane. Carriers for use within such formulations are biocompatible, 
and may also be biodegradable; preferably the formulation provides a relatively 
constant level of active component release. The amount of active compound contained 
5 within a sustained release formulation depends upon the site of implantation, the rate 
and expected duration of release and the nature of the condition to be treated or 
prevented. 

Cancer Therapy 

10 In further aspects of the present invention, the pharmaceutical 

compositions and vaccines described herein may be used for immunotherapy of cancer, 
! ^ such as prostate cancer, in a patient. Polypeptides for use within such compositions and 

I;J vaccines generally comprise an immunogenic portion of a prostate tumor protein, or a 

m variant thereof. Such polypeptides may stimulate the patient's own immune response to 

G 

^ 15 prostate tumor cells. Alternatively, a pharmaceutical composition or vaccine may 
comprise one or more fusion proteins comprising one or more such polypeptides and/or 
H polynucleotides encoding such one or more such polypeptides. Monoclonal antibodies 

of the present invention may also be used as therapeutic reagents, to diminish or 
eliminate prostate tumors. The antibodies may be used on their own (for instance, to 
20 inhibit metastases) or coupled to one or more therapeutic agents, as described above. 

Within such methods, pharmaceutical compositions and vaccines are 
typically administered to a patient. As used herein, a "patient" refers to any warm- 
blooded animal, preferably a human. A patient may be afflicted with a disease, or may 
be free of detectable disease. Accordingly, the above pharmaceutical compositions and 
25 vaccines may be used to prevent the development of prostate cancer or to treat a patient 
afflicted with prostate cancer. Prostate cancer may be diagnosed using criteria generally 
accepted in the art. Pharmaceutical compositions and vaccines may be administered 
either prior to or following surgical removal of primary tumors and/or treatment such as 
administration of radiotherapy or conventional chemotherapeutic drugs. 
30 Routes and frequency of administration, as well as dosage, will vary 
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from individual to individual, and may parallel those currently being used in 
immunotherapy of other diseases. In general, the pharmaceutical compositions and 
vaccines may be administered by injection (e.g., intracutaneous, intramuscular, 
intravenous or subcutaneous), intranasally (e.g., by aspiration) or orally. Preferably, 
5 between 1 and 10 doses may be administered over a 3-24 week period. Preferably, 4 
doses are administered, at an interval of 3 months, and booster administrations may be 
given periodically thereafter. Alternate protocols may be appropriate for individual 
patients. A suitable dose is an amount of polypeptide or polynucleotide that is 
effective to raise an immune response (cellular and/or humoral) against prostate tumor 

10 cells in a treated patient. A suitable immune response is at least 10-50% above the 
basal. (i.e., untreated) level. Such response can be monitored by measuring the anti- 
tumor antibodies in a patient or by vaccine-dependent generation of cytolytic effector 
cells capable of killing the patient's tumor cells in vitro. Such vaccines should also .be 
capable of causing an immune response that leads to an improved clinical outcome 

15 (e.g., more frequent remissions, complete or partial or longer disease-free survival) in 
vaccinated patients as compared to non-vaccinated patients. In general, the amount of 
polypeptide present in a dose (or produced in situ by the polynucleotides molecule in a 
dose) ranges from about 1 pg to about 100 mg per kg of host, typically from about 10 
pg to about 1 mg, and preferably from about 1 00 pg to about 1 fig. Suitable dose sizes 

20 will vary with the size of the patient, but will typically range from about 0.01 mL to 
about 5 mL. A variety of routes of administration for the antibodies and 
immunoconjugates may be used. Typically, administration will be intravenous, 
intramuscular, subcutaneous or in the bed of a resected tumor. It will be evident that the 
precise dose of the antibody/immunoconjugate will vary depending upon the antibody 

25 used, the antigen density on the tumor, and the rate of clearance of the antibody. 

Polypeptides disclosed herein may also be employed in adoptive 
immunotherapy for the treatment of cancer. Adoptive immunotherapy may be broadly 
classified into either active or passive immunotherapy. In active immunotherapy, 
30 treatment relies on the in vivo stimulation of the endogenous host immune system to 



react against tumors with the administration of immune response-modifying agents (for 
example, tumor vaccines, bacterial adjuvants, and/or cytokines). 

In passive immunotherapy, treatment involves the delivery of biologic 
reagents with established tumor-immune reactivity (such as effector cells or antibodies) 
5 that can directly or indirectly mediate antitumor effects and does not necessarily depend 
on an intact host immune system. Examples of effector cells include T lymphocytes 
(for example, CD8+ cytotoxic T-lymphocyte, CD4+ T-helper, gamma/delta T 
lymphocytes, tumor-infiltrating lymphocytes), killer cells (such as Natural Killer cells, 
lymphokine-activated killer cells), B cells, or antigen presenting cells (such as dendritic 

10 cells and macrophages) expressing the disclosed antigens. The polypeptides disclosed 
herein may also be used to generate antibodies or anti-idiotypic antibodies (as in U.S. 
Patent No. 4,9 18,1 64), for passive immunotherapy. 

The predominant method of procuring adequate numbers of T-cells for 
adoptive immunotherapy is to grow immune T-cells in vitro. Culture conditions for 

15 expanding single antigen-specific T-cells to several billion in number with retention of 
antigen recognition in vivo are well known in the art. These in vitro culture conditions 
typically utilize intermittent stimulation with antigen, often in the presence of cytokines, 
such as IL-2, and non-dividing feeder cells. As noted above, the immunoreactive 
polypeptides described herein may be used to rapidly expand antigen-specific T cell 

20 cultures in order to generate sufficient number of cells for immunotherapy. In 
particular, antigen-presenting cells, such as dendritic, macrophage, monocyte, 
fibroblast, or B-cells, may be pulsed with immunoreactive polypeptides, or 
polynucleotide sequence(s) may be introduced into antigen presenting cells, using a 
variety of standard techniques well known in the art. For example, antigen presenting 

25 cells may be transfected or trnasduced with a polynucleotide sequence, wherein said 
sequence contains a promoter region appropriate for increasing expression, and can be 
expressed as part of a recombinant virus or other expression system. Several viral 
vectors may be used to transduce an antigen presenting cell, including pox virus, 
vaccinia virus, and adenovirus; also, antigen presenting cells may be transfected with 

30 polynucleotide sequences disclosed herein by a variety of means, including gene-gun 



technology, lipid-mediated delivery, electroporation, osmotic shock, and particlate 
delivery mechanisms, resulting in efficient and acceptable expression levels as 
determined by one of ordinary skill in the art. For cultured T-cells to be effective in 
therapy, the cultured T-cells must be able to grow and distribute widely and to survive 
5 long term in vivo. Studies have demonstrated that cultured T-cells can be induced to 
grow in vivo and to survive long term in substantial numbers by repeated stimulation 
with antigen supplemented with IL-2 (see, for example, Cheever, M, et al 9 "Therapy 
With Cultured T Cells: Principles Revisited, " Immunological Reviews, 157: 1 77, 1 997). 

The polypeptides disclosed herein may also be employed to generate 

10 and/or isolate tumor-reactive T-cells, which can then be administered to the patient. In 
one technique, antigen-specific T-cell lines may be generated by in vivo immunization 
with short peptides corresponding to immunogenic portions of the disclosed 
polypeptides. The resulting antigen specific CD8+ CTL clones may be isolated from 
the patient, expanded using standard tissue culture techniques, and returned , to the 

1 5 patient. 

Alternatively, peptides corresponding to immunogenic portions of the 
polypeptides may be employed to generate tumor reactive T cell subsets by selective in 
vitro stimulation and expansion of autologous T cells to provide antigen-specific T cells 
which may be subsequently transferred to the patient as described, for example, by 

20 Chang et al, (Crit. Rev. Oncol. Hematol, 22(3), 213, 1996). Cells of the immune 
system, such as T cells, may be isolated from the peripheral blood of a patient, using a 
commercially available cell separation system, such as CellPro Incorporated^ (Bothell, 
WA) CEPRATE™ system (see U.S. Patent No. 5,240,856; U.S. Patent No. 5,215,926; 
WO 89/06280; WO 91/16116 and WO 92/07243). The separated cells are stimulated 

25 with one or more of the immunoreactive polypeptides contained within a delivery 
vehicle, such as a microsphere, to provide antigen-specific T cells. The population of 
tumor antigen-specific T cells is then expanded using standard techniques and the cells 
are administered back to the patient. 

In other embodiments, T-cell and/or antibody receptors specific for the 

30 polypeptides disclosed herein can be cloned, expanded, and transferred into other 
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vectors or effector cells for use in adoptive immunotherapy. In particular, T cells may 
be transfected with the appropriate genes to express the variable domains from tumor 
specific monoclonal antibodies as the extracellular recognition elements and joined to 
the T cell receptor signaling chains, resulting in T cell activation, specific lysis, and 

5 cytokine release. This enables the T cell to redirect its specificity in an MHC- 
independent manner. See for example, Eshhar, Z., Cancer Immunol Immunother, 45(3- 
4):131-6, 1997 and Hwu, P., et al, Cancer Res, 55(15):3369-73, 1995. Another 
embodiment may include the transfection of tumor antigen specific alpha and beta T 
cell receptor chains into alternate T cells, as in Cole, DJ, et al, Cancer Res, 55(4):748- 

10 52,1995. 

In a further embodiment, syngeneic or autologous dendritic cells may be 
pulsed with peptides corresponding to at least an immunogenic portion of a polypeptide 
disclosed herein. The resulting antigen-specific dendritic cells may either be transferred 
into a patient, or employed to stimulate T cells to provide antigen-specific T cells which 

15 may, in turn, be administered to a patient. The use of peptide-pulsed dendritic cells to 
generate antigen- specific T cells and the subsequent use of such antigen- specific T cells 
to eradicate tumors in a murine model has been demonstrated by Cheever et al, 
Immunological Reviews, 757:177, 1997). 

Additionally, vectors expressing the disclosed polynucleotides may be 

20 introduced into stem cells taken from the patient and clonally propagated in vitro for 
autologous transplant back into the same patient. 

In general, an appropriate dosage and treatment regimen provides the 
active compound(s) in an amount sufficient to provide therapeutic and/or prophylactic 
benefit. Such a response can be monitored by establishing an improved clinical 

25 outcome (e.g., more frequent remissions, complete or partial, or longer disease-free 
survival) in treated patients as compared to non-treated patients. Increases in 
preexisting immune responses to a prostate tumor protein generally correlate with an 
improved clinical outcome. Such immune responses may generally be evaluated using 
standard proliferation, cytotoxicity or cytokine assays, which may be performed using 

30 samples obtained from a patient before and after treatment. 



33 



Methods for Detecting Cancer 

In general, a cancer may be detected in a patient based on the presence of 
one or more prostate tumor proteins and/or polynucleotides encoding such proteins in a 
5 biological sample obtained from the patient. In other words, such proteins may be used 
as markers to indicate the presence or absence of prostate cancer. The binding agents 
provided herein generally permit detection of the level of protein that binds to the agent 
in the biological sample. Alternatively, polynucleotide primers and probes may be used 
to detect the level of mRNA encoding an antigen, which is also indicative of the 

10 presence or absence of prostate cancer. 

There are a variety of assay formats known to those of ordinary skill in 
the art for using a binding agent to detect polypeptide markers in a sample. See, e.g., 
Harlow and Lane, Antibodies: A Laboratory Manual, Cold Spring Harbor Laboratory, 
1988. In general, the presence or absence of a cancer in a patient may be determined by 

15 (a) contacting a biological sample obtained from a patient with a binding agent; (b) 
detecting in the sample a level of polypeptide that binds to the binding agent; and (c) 
comparing the level of polypeptide with a predetermined cut-off value. 

In a preferred embodiment, the assay involves the use of binding agent 
immobilized on a solid support to bind to and remove the polypeptide from the 

20 remainder of the sample. The bound polypeptide may then be detected using a 
detection reagent that contains a reporter group and specifically binds to the binding 
agent/polypeptide complex. Such detection reagents may comprise, for example, a 
binding agent that specifically binds to the polypeptide or an antibody or other agent 
that specifically binds to the binding agent, such as an anti-immunoglobulin, protein G, 

25 protein A or a lectin. Alternatively, a competitive assay may be utilized, in which a 
polypeptide is labeled with a reporter group and allowed to bind to the immobilized 
binding agent after incubation of the binding agent with the sample. The extent to 
which components of the sample inhibit the binding of the labeled polypeptide to the 
binding agent is indicative of the reactivity of the sample with the immobilized binding 

30 agent. Suitable polypeptides for use within such assays include full length prostate 
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tumor proteins and portions thereof to which the binding agent binds, as described 
above. 

The solid support may be any material known to those of ordinary skill 
in the art to which the antigen may be attached. For example, the solid support may be 
5 a test well in a microtiter plate or a nitrocellulose or other suitable membrane. 
Alternatively, the support may be a bead or disc, such as glass, fiberglass, latex or a 
plastic material such as polystyrene or polyvinylchloride. The support may also be a 
magnetic particle or a fiber optic sensor, such as those disclosed, for example, in U.S. 
Patent No. 5,359,681. The binding agent may be immobilized on the solid support 

10 using a variety of techniques known to those of skill in the art, which are amply 
described in the patent and scientific literature. In the context of the present invention, 
the term "immobilization" refers to both noncovalent association, such as adsorption, 
and covalent attachment (which may be a direct linkage between the antigen and 
functional groups on the support or may be a linkage by way of a cross-linking agent). 

15 Immobilization by adsorption to a well in a microtiter plate or to a membrane is 
preferred. In such cases, adsorption may be achieved by contacting the binding agent, 
in a suitable buffer, with the solid support for a suitable amount of time. The contact 
time varies with temperature, but is typically between about 1 hour and about 1 day. In 
general, contacting a well of a plastic microtiter plate (such as polystyrene or 

20 polyvinylchloride) with an amount of binding agent ranging from about 1 0 ng to about 
10|ig, and preferably about 100 ng to about 1 fig, is sufficient to immobilize an 
adequate amount of binding agent. 

Covalent attachment of binding agent to a solid support may generally be 
achieved by first reacting the support with a Afunctional reagent that will react with 

25 both the support and a functional group, such as a hydroxyl or amino group, on the 
binding agent. For example, the binding agent may be covalently attached to supports 
having an appropriate polymer coating using benzoquinone or by condensation of an 
aldehyde group on the support with an amine and an active hydrogen on the binding 
partner (see, e.g., Pierce Immunotechnology Catalog and Handbook, 1991, at 

30 A12-A13). 
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In certain embodiments, the assay is a two-antibody sandwich assay. 
This assay may be performed by first contacting an antibody that has been immobilized 
on a solid support, commonly the well of a microtiter plate, with the sample, such that 
polypeptides within the sample are allowed to bind to the immobilized antibody. 
5 Unbound sample is then removed from the immobilized polypeptide-antibody 
complexes and a detection reagent (preferably a second antibody capable of binding to a 
different site on the polypeptide) containing a reporter group is added. The amount of 
detection reagent that remains bound to the solid support is then determined using a 
method appropriate for the specific reporter group. 

10 More specifically, once the antibody is immobilized on the support as 

described above, the remaining protein binding sites on the support are typically 
blocked. Any suitable blocking agent known to those of ordinary skill in the art, such 
as bovine serum albumin or Tween 20™ (Sigma Chemical Co., St. Louis, MO). The 
immobilized antibody is then incubated with the sample, and polypeptide is alio wed. to 

15 bind to the antibody. The sample may be diluted with a suitable diluent, such as 
phosphate-buffered saline (PBS) prior to incubation. In general, an appropriate contact 
time (i.e., incubation time) is a period of time that is sufficient to detect the presence of 
polypeptide within a sample obtained from an individual with prostate cancer. 
Preferably, the contact time is sufficient to achieve a level of binding that is at least 

20 about 95% of that achieved at equilibrium between bound and unbound polypeptide. 
Those of ordinary skill in the art will recognize that the time necessary to achieve 
equilibrium may be readily determined by assaying the level of binding that occurs over 
a period of time. At room temperature, an incubation time of about 30 minutes is 
generally sufficient. 

25 Unbound sample may then be removed by washing the solid support 

with an appropriate buffer, such as PBS containing 0.1% Tween 20™. The second 
antibody, which contains a reporter group, may then be added to the solid support. 
Preferred reporter groups include those groups recited above. 

The detection reagent is then incubated with the immobilized antibody- 

30 polypeptide complex for an amount of time sufficient to detect the bound polypeptide. 



An appropriate amount of time may generally be determined by assaying the level of 
binding that occurs over a period of time. Unbound detection reagent is then removed 
and bound detection reagent is detected using the reporter group. The method 
employed for detecting the reporter group depends upon the nature of the reporter 
5 group. For radioactive groups, scintillation counting or autoradiographic methods are 
generally appropriate. Spectroscopic methods may be used to detect dyes, luminescent 
groups and fluorescent groups. Biotin may be detected using avidin, coupled to a 
different reporter group (commonly a radioactive or fluorescent group or an enzyme). 
Enzyme reporter groups may generally be detected by the addition of substrate 

10 (generally for a specific period of time), followed by spectroscopic or other analysis of 
the reaction products. 

To determine the presence or absence of prostate cancer, the; signal 
detected from the reporter group that remains bound to the solid support is generally 
compared to a signal that corresponds to a predetermined cut-off value. In one 

15 preferred embodiment, the cut-off value for the detection of prostate cancer is the 
average mean signal obtained when the immobilized antibody is incubated with samples 
from patients without prostate cancer. In general, a sample generating a signal that is 
three standard deviations above the predetermined cut-off value is considered positive 
for prostate cancer. In an alternate preferred embodiment, the cut-off value is 

20 determined using a Receiver Operator Curve, according to the method of Sackett et al., 
Clinical Epidemiology: A Basic Science for Clinical Medicine, Little Brown and Co., 
1985, p. 106-7. Briefly, in this embodiment, the cut-off value may be determined from 
a plot of pairs of true positive rates (i.e., sensitivity) and false positive rates (100%- 
specificity) that correspond to each possible cut-off value for the diagnostic test result. 

25 The cut-off value on the plot that is the closest to the upper left-hand corner (i.e., the 
value that encloses the largest area) is the most accurate cut-off value, and a sample 
generating a signal that is higher than the cut-off value determined by this method may 
be considered positive. Alternatively, the cut-off value may be shifted to the left along 
the plot, to minimize the false positive rate, or to the right, to minimize the false 

30 negative rate. In general, a sample generating a signal that is higher than the cut-off 
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value determined by this method is considered positive for prostate cancer. 

In a related embodiment, the assay is performed in a flow-through or 
strip test format, wherein the binding agent is immobilized on a membrane, such as 
nitrocellulose. In the flow-through test, polypeptides within the sample bind to the 
5 immobilized binding agent as the sample passes through the membrane. A second, 
labeled binding agent then binds to the binding agent-polypeptide complex as a solution 
containing the second binding agent flows through the membrane. The detection of 
bound second binding agent may then be performed as described above. In the strip test 
format, one end of the membrane to which binding agent is bound is immersed in a 

10 solution containing the sample. The sample migrates along the membrane through a 
region containing second binding agent and to the area of immobilized binding agent. 
Goncentration of second binding agent at the area of immobilized antibody indicates the 
presence of prostate cancer. Typically, the concentration of second binding agent at that 
site generates a pattern, such as a line, that can be read visually. The absence of such a 

15 pattern indicates a negative result. In general, the amount of binding agent immobilized 
on the membrane is selected to generate a visually discernible pattern when the 
biological sample contains a level of polypeptide that would be sufficient to generate a 
positive signal in the two-antibody sandwich assay, in the format discussed above. 
Preferred binding agents for use in such assays are antibodies and antigen-binding 

20 fragments thereof. Preferably, the amount of antibody immobilized on the membrane 
ranges from about 25 ng to about l|ag, and more preferably from about 50 ng to about 
500 ng. Such tests can typically be performed with a very small amount of biological 
sample. 

Of course, numerous other assay protocols exist that are suitable for use 
25 with the antigens or binding agents of the present invention. The above descriptions are 
intended to be exemplary only. 

In another embodiment, the above polypeptides may be used as markers 
for the progression of prostate cancer. In this embodiment, assays as described above 
for the diagnosis of prostate cancer may be performed over time, and the change in the 
30 level of reactive polypeptide(s) evaluated. For example, the assays may be performed 
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every 24-72 hours for a period of 6 months to 1 year, and thereafter performed as 
needed. In general, prostate cancer is progressing in those patients in whom the level of 
polypeptide detected by the binding agent increases over time. In contrast, the cancer is 
not progressing when the level of reactive polypeptide either remains constant or 
decreases with time. 

As noted above, prostate cancer may also, or alternatively, be detected 
based on the level of mRNA encoding a prostate tumor protein in a biological sample. 
For example, at least two oligonucleotide primers may be employed in a polymerase 
chain reaction (PCR) based assay to amplify a portion of a prostate tumor protein cDNA 
derived from a biological sample, wherein at least one of the oligonucleotide primers is 
specific for (i.e., hybridizes to) a polynucleotide encoding the prostate tumor protein. 
The amplified cDNA is then separated and detected using techniques well known in the 
art, such as gel electrophoresis. Similarly, oligonucleotide probes that specifically 
hybridize to a polynucleotide encoding a prostate tumor protein may be used in a 
hybridization assay to detect the presence of polynucleotide encoding the antigen in a 
biological sample. 

To permit hybridization under assay conditions, oligonucleotide primers 
and probes should comprise an oligonucleotide sequence that has at least about 60%, 
preferably at least about 75% and more preferably at least about 90%, identity to a 
portion of a polynucleotide encoding a prostate tumor protein that is at least 10 
nucleotides, and preferably at least 20 nucleotides, in length. Oligonucleotide primers 
and/or probes which may be usefully employed in the diagnostic methods described 
herein preferably are at least 10-40 nucleotides in length. In a preferred embodiment, 
the oligonucleotide primers comprise at least 10 contiguous nucleotides, more 
preferably at least 15 contiguous nucleotides, of a DNA molecule recited herein. 
Techniques for both PCR based assays and hybridization assays are well known in the 
art (see, for example, Mullis et al., Cold Spring Harbor Symp, Quant. Biol., 57:263, 
1987; Erlich ed., PCR Technology, Stockton Press, NY, 1989). 

One preferred assay employs RT-PCR, in which PCR is applied in 
conjunction with reverse transcription. Typically, RNA is extracted from a sample 
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tissue and is reverse transcribed to produce cDNA molecules. PCR amplification using 
at least one specific primer generates a cDNA molecule, which may be separated and 
visualized using, for example, gel electrophoresis. Amplification may be performed on 
samples obtained from biological samples taken from a test patient and an individual 
5 who is not afflicted with prostate cancer. The amplification reaction may be performed 
on several dilutions of cDNA spanning two orders of magnitude. A two-fold or greater 
increase in expression in several dilutions of the test patient sample as compared to the 
same dilutions of the non-cancerous sample is typically considered positive. 

Certain in vivo diagnostic assays may be performed directly on a tumor. 

10 One such assay involves contacting tumor cells with a binding agent. The bound 
binding agent may then be detected directly or indirectly via a reporter group. Such 
binding agents may also be used in histological applications. Alternatively, 
polynucleotide probes may be used within such applications. 

As noted above, to improve sensitivity, multiple prostate tumor protein 

15 markers may be assayed within a given sample. It will be apparent that binding agents 
specific for different antigens provided herein may be combined within a single assay. 
Further, multiple primers or probes may be used concurrently. The selection of antigen 
markers may be based on routine experiments to determine combinations that results in 
optimal sensitivity. In addition, or alternatively, assays for antigens provided herein 

20 may be combined with assays for other known tumor antigens. 

Diagnostic Kits 

The present invention further provides kits for use within any of the 
above diagnostic methods. Such kits typically comprise two or more components 

25 necessary for performing a diagnostic assay. Components may be compounds, 
reagents, containers and/or equipment. For example, one container within a kit may 
contain a monoclonal antibody or fragment thereof that specifically binds to a prostate 
tumor protein. Such antibodies or fragments may be provided attached to a support 
material, as described above. One or more additional containers may enclose elements, 

30 such as reagents or buffers, to be used in the assay. Such kits may also, or alternatively, 
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contain a detection reagent as described above that contains a reporter group suitable for 
direct or indirect detection of antibody binding. 

Alternatively, a kit may be designed to detect the level of mRNA 
encoding a prostate tumor protein in a biological sample. Such kits generally comprise 
5 at least one oligonucleotide probe or primer, as described above, that hybridizes to a 
polynucleotide encoding a prostate tumor protein. Such an oligonucleotide may be 
used, for example, within a PCR or hybridization assay. Additional components that 
may be present within such kits include a second oligonucleotide and/or a diagnostic 
reagent or container to facilitate the detection of a polynucleotide encoding a prostate 
10 tumor protein. 

The following Examples are offered by way of illustration and not by 
way of limitation. 

EXAMPLES 

15 

Example 1 

ISOLATION AND CHARACTERIZATION OF PROSTATE TUMOR 

POLYPEPTIDES 

20 This Example describes the isolation of certain prostate tumor 

polypeptides from a prostate tumor cDNA library. 

A human prostate tumor cDNA expression library was constructed from 
prostate tumor poly A + RNA using a Superscript Plasmid System for cDNA Synthesis 
and Plasmid Cloning kit (BRL Life Technologies, Gaithersburg, MD 20897) following 

25 the manufacturer's protocol. Specifically, prostate tumor tissues were homogenized 
with polytron (Kinematica, Switzerland) and total RNA was extracted using Trizol 
reagent (BRL Life Technologies) as directed by the manufacturer. The poly A + RNA 
was then purified using a Qiagen oligotex spin column mRNA purification kit (Qiagen, 
Santa Clarita, CA 91355) according to the manufacturer's protocol. First-strand cDNA 

30 was synthesized using the NotI/OHgo-dT18 primer. Double-stranded cDNA was 
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synthesized, ligated with EcoRI/BAXI adaptors (Invitrogen, San Diego, CA) and 
digested with Notl. Following size fractionation with Chroma Spin- 1000 columns 
(Clontech, Palo Alto, CA), the cDNA was ligated into the EcoRI/NotI site of 
pCDNA3.1 (Invitrogen) and transformed into ElectroMax E. coli DH10B cells (BRL 
Life Technologies) by electroporation. 

Using the same procedure, a normal human pancreas cDNA expression 
library was prepared from a pool of six tissue specimens (Clontech). The cDNA 
libraries were characterized by determining the number of independent colonies, the 
percentage of clones that carried insert, the average insert size and by sequence analysis. 
The prostate tumor library contained 1.64 x 10 7 independent colonies, with 70% of 
clones having an insert and the average insert size being 1745 base pairs. The normal 
pancreas cDNA library contained 3.3 x 10 6 independent colonies, with 69% of clones 
having inserts and the average insert size being 1120 base pairs. For both libraries, 
sequence analysis showed that the majority of clones had a full length cDNA sequence 
and were synthesized from mRNA, with minimal rRNA and mitochondrial DNA 
contamination. 

cDNA library subtraction was performed using the above prostate tumor 
and normal pancreas cDNA libraries, as described by Hara et al. (Bloody £4:189-199, 
1994) with some modifications. Specifically, a prostate tumor-specific subtracted 
cDNA library was generated as follows. Normal pancreas cDNA library (70 \ig) was 
digested with EcoRI, Notl, and Sful, followed by a filling-in reaction with DNA 
polymerase Klenow fragment. After phenol-chloroform extraction and ethanol 
precipitation, the DNA was dissolved in 100 jal of H 2 0, heat-denatured and mixed with 
100 jal (100 fag) of Photoprobe biotin (Vector Laboratories, Burlingame, CA). As 
recommended by the manufacturer, the resulting mixture was irradiated with a 270 W 
sunlamp on ice for 20 minutes. Additional Photoprobe biotin (50 was added and 
the biotinylation reaction was repeated. After extraction with butanol five times, the 
DNA was ethanol-precipitated and dissolved in 23 \±l H 2 0 to form the driver DNA. 

To form the tracer DNA, 10 ^g prostate tumor cDNA library was 
digested with BamHI and Xhol, phenol chloroform extracted and passed through 



Chroma spin-400 columns (Clontech). Following ethanol precipitation, the tracer DNA 
was dissolved in 5 jal H 2 0. Tracer DNA was mixed with 1 5 jal driver DNA and 20 jal of 
2 x hybridization buffer (1.5 M NaCl/10 mM EDTA/50 mM HEPES pH 7.5/0.2% 
sodium dodecyl sulfate), overlaid with mineral oil, and heat-denatured completely. The 
5 sample was immediately transferred into a 68 °C water bath and incubated for 20 hours 
(long hybridization [LH]). The reaction mixture was then subjected to a streptavidin 
treatment followed by phenol/chloroform extraction. This process was repeated three 
more times. Subtracted DNA was precipitated, dissolved in 12 jul H 2 0, mixed with 8 \il 
driver DNA and 20 |ul of 2 x hybridization buffer, and subjected to a hybridization at 68 

10 °C for 2 hours (short hybridization [SH]). After removal of biotinylated double- 
stranded DNA, subtracted cDNA was ligated into BamHI/XhoI site of chloramphenicol 
resistant pBCSK + (Stratagene, La Jolla, CA 92037) and transformed into ElectroMax E. 
coli DH10B cells by electroporation to generate a prostate tumor specific subtracted 
cDNA library (prostate subtraction 1). 

15 To analyze the subtracted cDNA library, plasmid DNA was prepared 

from 100 independent clones, randomly picked from the subtracted prostate tumor 
specific library and grouped based on insert size. Representative cDNA clones were 
further characterized by DNA sequencing with a Perkin Elmer/ Applied Biosystems 
Division Automated Sequencer Model 373A (Foster City, CA). Six cDNA clones, 

20 hereinafter referred to as Fl-13, Fl-12, Fl-16, Hl-1, Hl-9 and Hl-4, were shown to be 
abundant in the subtracted prostate-specific cDNA library. The determined 3' and 5' 
cDNA sequences for Fl-12 are provided in SEQ ID NO: 2 and 3, respectively, with 
determined 3* cDNA sequences for Fl-13, Fl-16, Hl-1, Hl-9 and Hl-4 being provided 
in SEQ ID NO: 1 and 4-7, respectively. 

25 The cDNA sequences for the isolated clones were compared to known 

sequences in the gene bank using the EMBL and GenBank databases (release 96). Four 
of the prostate tumor cDNA clones, Fl-13, Fl-16, Hl-1, and Hl-4, were determined to 
encode the following previously identified proteins: prostate specific antigen (PSA), 
human glandular kallikrein, human tumor expression enhanced gene, and mitochondria 

30 cytochrome C oxidase subunit II. Hl-9 was found to be identical to a previously 
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identified human autonomously replicating sequence. No significant homologies to the 
cDNA sequence for Fl-12 were found. 

Subsequent studies led to the isolation of a full-length cDNA sequence 
for Fl-12. This sequence is provided in SEQ ID NO: 107, with the corresponding 
predicted amino acid sequence being provided in SEQ ID NO: 108. 

To clone less abundant prostate tumor specific genes, cDNA library 
subtraction was performed by subtracting the prostate tumor cDNA library described 
above with the normal pancreas cDNA library and with the three most abundant genes 
in the previously subtracted prostate tumor specific cDNA library: human glandular 
kallikrein, prostate specific antigen (PSA), and mitochondria cytochrome C oxidase 
subunit II. Specifically, 1 jig each of human glandular kallikrein, PSA and 
mitochondria cytochrome C oxidase subunit II cDNAs in pCDNA3.1 were added to the 
driver DNA and subtraction was performed as described above to provide a second 
subtracted cDNA library hereinafter referred to as the "subtracted prostate tumor 
specific cDNA library with spike". 

Twenty-two cDNA clones were isolated from the subtracted prostate 
tumor specific cDNA library with spike. The determined 3* and 5' cDNA sequences for 
the clones referred to as Jl-17, Ll-12, Nl-1862, Jl-13, Jl-19, Jl-25, Jl-24, Kl-58, Kl- 
63,Ll-4andLl-14 are provided in SEQ ID NOS: 8-9, 10-11, 12-13, 14-15, 16-17, 18- 
19, 20-21, 22-23, 24-25, 26-27 and 28-29, respectively. The determined 3' cDNA 
sequences for the clones referred to as Jl-12, Jl-16, Jl-21, Kl-48, Kl-55, Ll-2, Ll-6, 
Nl-1858, Nl-1860, Nl-1861, Nl-1864 are provided in SEQ ID NOS: 30-40, 
respectively. Comparison of these sequences with those in the gene bank as described 
above, revealed no significant homologies to three of the five most abundant DNA 
species, (Jl-17, Ll-12 and Nl-1862; SEQ ID NOS: 8-9, 10-11 and 12-13, respectively). 
Of the remaining two most abundant species, one (Jl-12; SEQ ID NO: 30) was found to 
be identical to the previously identified human pulmonary surfactant-associated protein, 
and the other (Kl-48; SEQ ID NO:33) was determined to have some homology to R. 
norvegicus mRNA for 2-arylpropionyl-CoA epimerase. Of the 17 less abundant cDNA 
clones isolated from the subtracted prostate tumor specific cDNA library with spike, 
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four (Jl-16, Kl-55, Ll-6 and Nl-1864; SEQ ID NOS:31, 34, 36 and 40, respectively) 
were found to be identical to previously identified sequences, two (J 1-21 and N 1-1 860; 
SEQ ID NOS: 32 and 38, respectively) were found to show some homology to non- 
human sequences, and two (Ll-2 and Nl-1861; SEQ ID NOS: 35 and 39, respectively) 
5 were found to show some homology to known human sequences. No significant 
homologies were found to the polypeptides Jl-13, Jl-19, Jl-24, Jl-25, Kl-58, Kl-63, 
Ll-4, Ll-14 (SEQ ID NOS: 14-15, 16-17, 20-21, 18-19, 22-23, 24-25, 26-27, 28-29, 
respectively). 

Subsequent studies led to the isolation of full length cDNA sequences for 

10 Jl-17, Ll-12 and Nl-1862 (SEQ ID NOS: 109-111, respectively). The corresponding 
predicted amino acid sequences are provided in SEQ ID NOS: 112-114. Ll-12 is also 
referred to as P50 IS. 

In a further experiment, four additional clones were identified by 
subtracting a prostate tumor cDNA library with normal prostate cDNA prepared from a 

15 pool of three normal prostate poly A+ RNA (prostate subtraction 2). The determined 
cDNA sequences for these clones, hereinafter referred to as U 1-3 064, U 1-3 065, VI- 
3692 and 1A-3905, are provided in SEQ ID NO: 69-72, respectively. Comparison of 
the determined sequences with those in the gene bank revealed no significant 
homologies to U 1-3065. 

20 A second subtraction with spike (prostate subtraction spike 2) was 

performed by subtracting a prostate tumor specific cDNA library with spike with 
normal pancreas cDNA library and further spiked with PSA, Jl-17, pulmonary 
surfactant-associated protein, mitochondrial DNA, cytochrome c oxidase subunit II, Nl- 
1862, autonomously replicating sequence, Ll-12 and tumor expression enhanced gene. 

25 Four additional clones, hereinafter referred to as Vl-3686, Rl-2330, 1B-3976 and VI- 
3679, were isolated. The determined cDNA sequences for these clones are provided in 
SEQ ID NO:73-76, respectively. Comparison of these sequences with those in the gene 
bank revealed no significant homologies to Vl-3686 and Rl-2330. 

Further analysis of the three prostate subtractions described above 

30 (prostate subtraction 2, subtracted prostate tumor specific cDNA library with spike, and 
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prostate subtraction spike 2) resulted in the identification of sixteen additional clones, 
referred to as 1G-4736, 1G-4738, 1G-4741, 1G-4744, 1G-4734, 1H-4774, 1H-4781, 
1H-4785, 1H-4787, 1H-4796, 11-4810, 11-4811, 1J-4876, 1K-4884 and 1K-4896. The 
determined cDNA sequences for these clones are provided in SEQ ID NOS: 77-92, 
5 respectively. Comparison of these sequences with those in the gene bank as described 
above, revealed no significant homologies to 1G-4741, 1G-4734, 11-4807, 1J-4876 and 
1K-4896 (SEQ ID NOS: 79, 81, 87, 90 and 92, respectively). Further analysis of the 
isolated clones led to the determination of extended cDNA sequences for 1G-4736, 1G- 
4738, 1G-4741, 1G-4744, 1H-4774, 1H-4781, 1H-4785, 1H-4787, 1H-4796, 11-4807, 

10 1J-4876, 1K-4884 and 1K-4896, provided in SEQ ID NOS: 179-188 and 191-193, 
respectively, and to the determination of additional partial cDNA sequences for 11-4810 
and 1 1-48 1 1 , provided in SEQ ID NOS : 1 89 and 1 90, respectively. 

Additional studies with prostate subtraction spike 2 resulted in the 
isolation of three more clones. Their sequences were determined as described above 

15 and compared to the most recent Genbank. All three clones were found to have 
homology to known genes, which are Cysteine-rich protein, KIAA0242, and 
KIAA0280 (SEQ ID NO: 317, 319, and 320, respectively). Further analysis of these 
clones by Synteni microarray (Synteni, Palo Alto, CA) demonstrated that all three 
clones were over-expressed in most prostate tumors and prostate BPH, as well as in the 

20 majority of normal prostate tissues tested, but low expression in all other normal tissues. 

An additional subtraction was performed by subtracting a normal 
prostate cDNA library with normal pancreas cDNA (prostate subtraction 3). This led to 
the identification of six additional clones referred to as 1G-4761, 1G-4762, 1H-4766, 
1H-4770, 1H-4771 and 1H-4772 (SEQ ID NOS: 93-98). Comparison of these 

25 sequences with those in the gene bank revealed no significant homologies to 1G-4761 
and 1H-4771 (SEQ ID NOS: 93 and 97, respectively). Further analysis of the isolated 
clones led to the determination of extended cDNA sequences for 1G-4761, 1G-4762, 
1H-4766 and 1H-4772 provided in SEQ ID NOS: 194-196 and 199, respectively, and to 
the determination of additional partial cDNA sequences for 1H-4770 and 1H-4771, 

30 provided in SEQ ID NOS: 197 and 198, respectively. 
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Subtraction of a prostate tumor cDNA library, prepared from a pool of 

polyA+ RNA from three prostate cancer patients, with a normal pancreas cDNA library 

?? 

(prostate subtraction 4) led to the identification of eight clones, referred to as 1D-4297, 

(vi> (*< ((n K>? {6$ /c%6 ' 

1D-4309, 1D.1-4278, 1D-4288, 1D-4283, 1D-4304, 1D-4296 and 1D-4280 (SEQ ID 

5 NOS: 99-107). These sequences were compared, to those in the gene bank as described 

above. No significant homologies were found to 1D-4283 and 1D-4304 (SEQ ID NOS: 

103 and 104, respectively). Further analysis of the isolated clones led to the 

determination of extended cDNA sequences for 1D-4309, ID. 1-4278, 1D-4288, 1D- 

4283, 1D-4304, 1D-4296 and 1D-4280, provided in SEQ ID NOS: 200-206, 

10 respectively. 

cDNA clones isolated in prostate subtraction 1 and prostate subtraction 
2, described above, were colony PCR amplified and their mRNA expression levels in 
prostate tumor, normal prostate and in various other normal tissues were determined, 
using microarray technology (Synteni, Palo Alto, CA). Briefly, the PCR amplification 

15 products were dotted onto slides in an array format, with each product occupying a 
unique location in the array. mRNA was extracted from the tissue sample to be tested, 
reverse transcribed, and fluorescent-labeled cDNA probes were generated. The 
microarray s were probed with the labeled cDNA probes, the slides scanned and 
fluorescence intensity was measured. This intensity correlates with the hybridization 

20 intensity. Two novel clones (referred to as P509S and P510S) were found to be over- 
expressed in prostate tumor and normal prostate and expressed at low levels in all other 
normal tissues tested (liver, pancreas, skin, bone marrow, brain, breast, adrenal gland, 
bladder, testes, salivary gland, large intestine, kidney, ovary, lung, spinal cord, skeletal 
muscle and colon). The determined cDNA sequences for P509S and P510S are 

25 provided in SEQ ID NO: 223 and 224, respectively. Comparison of these sequences 
with those in the gene bank as described above, revealed some homology to previously 
identified ESTs. 

Additionally, the full-length cDNA sequence for P509S (SEQ ID NO: 
223) is provided in SEQ ID NO: 332. 
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Example 2 

DETERMINATION OF TISSUE SPECIFICITY OF PROSTATE TUMOR 

POLYPEPTIDES 

5 Using gene specific primers, mRNA expression levels for the 

representative prostate tumor polypeptides Fl-16, Hl-1, Jl-17 (also referred to as 
P502S), Ll-12~(also referred to as P501S), Fl-12 (also referred to as P504S) and Nl- 
1862 (also referred to as P503S) were examined in a variety of normal and tumor 
tissues using RT-PCR. 

10 Briefly, total RNA was extracted from a variety of normal and tumor 

tissues using Trizol reagent as described above. First strand synthesis was carried out 
using 1-2 \x% of total RNA with Superscript II reverse transcriptase (BRL Life 
Technologies) at 42 °C for one hour. The cDNA was then amplified by PCR with gene- 
specific primers. To ensure the semi-quantitative nature of the RT-PCR, p-actin was 

15 used as an internal control for each of the tissues examined; First, serial dilutions of the 
first strand cDNAs were prepared and RT-PCR assays were performed using p-actin 
specific primers. A dilution was then chosen that enabled the linear range amplification 
of the P-actin template and which was sensitive enough to reflect the differences in the 
initial copy numbers. Using these conditions, the p-actin levels were determined for 

20 each reverse transcription reaction from each tissue. DNA contamination was 
minimized by DNase treatment and by assuring a negative PCR result when using first 
strand cDNA that was prepared without adding reverse transcriptase. 

mRNA Expression levels were examined in four different types of tumor 
tissue (prostate tumor from 2 patients, breast tumor from 3 patients, colon tumor, lung 

25 tumor), and sixteen different normal tissues, including prostate, colon, kidney, liver, 
lung, ovary, pancreas, skeletal muscle, skin, stomach, testes,, bone marrow and brain. 
Fl-16 was found to be expressed at high levels in prostate tumor tissue, colon tumor 
and normal prostate, and at lower levels in normal liver, skin and testes, with expression 
being undetectable in the other tissues examined. Hl-1 was found to be expressed at 

30 high levels in prostate tumor, lung tumor, breast tumor, normal prostate, normal colon 
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and normal brain, at much lower levels in normal lung, pancreas, skeletal muscle, skin, 
small intestine, bone marrow, and was not detected in the other tissues tested. Jl-17 
(P502S) and LI -12 (P501S) appear to be specifically over-expressed in prostate, with 
both genes being expressed at high levels in prostate tumor and normal prostate but at 
5 low to undetectable levels in all the other tissues examined. Nl-1862 (P503S) was 
found to be over-expressed in 60% of prostate tumors and detectable in normal colon 
and kidney. The RT-PCR results thus indicate that Fl-16, Hl-1, Jl-17 (P502S), Nl- 
1862 (P503S) and Ll-12 (P501S) are either prostate specific or are expressed at 
significantly elevated levels in prostate. 

10 Further RT-PCR studies showed that F 1-12 (P504S) is over-expressed in 

60% of prostate tumors, detectable in normal kidney but not detectable in all other 
tissues tested. Similarly, Rl-2330 was shown to be over-expressed in 40% of prostate 
4 tumors, detectable in normal kidney and liver, but not detectable in all other tissues 
tested. U 1-3064 was found to be over-expressed in 60% of prostate tumors, and also 

15 expressed in breast and colon tumors, but was not detectable in normal tissues. 

RT-PCR characterization of Rl-2330, U 1-3064 and 1D-4279 showed 
that these three antigens are over-expressed in prostate and/or prostate tumors. 

Northern analysis with four prostate tumors, two normal prostate 
samples, two BPH prostates, and normal colon, kidney, liver, lung, pancrease, skeletal 

20 muscle, brain, stomach, testes, small intestine and bone marrow, showed that Ll-12 
(P501S) is over-expressed in prostate tumors and normal prostate, while being 
undetectable in other normal tissues tested. Jl-17 (P502S) was detected in two prostate 
tumors and not in the other tissues tested. Nl-1862 (P503S) was found to be over- 
expressed in three prostate tumors and to be expressed in normal prostate, colon and 

25 kidney, but not in other tissues tested. Fl-12 (P504S) was found to be highly expressed 
in two prostate tumors and to be undetectable in all other tissues tested. 

The micro-array technology described above was used to determine the 
expression levels of representative antigens described herein in prostate tumor, breast 
tumor and the following normal tissues: prostate, liver, pancreas, skin, bone marrow, 

30 brain, breast, adrenal gland, bladder, testes, salivary gland, large intestine, kidney, 
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_ ovary, lung,_ spinal _cgrd,_skeletal muscle and colon. LI -12 (P501S) was found to be 

over-expressed in normal prostate and prostate tumor, with some expression being 
detected in normal skeletal muscle. Both Jl-12 and Fl-12 (P504S) were found to be 
over-expressed in prostate tumor, with expression being lower or undetectable in all 
5 other tissues tested". Nl-1862 (P503S) was found to be expressed at high levels in 
prostate tumor and normal prostate, and at low levels in normal large intestine and 
normal colon, with expression being undetectable in all other tissues tested. Rl-2330 
was found to be over-expressed in prostate tumor and normal prostate, and to be 
expressed at lower levels in all other tissues tested. 1D-4279 was found to be over- 

10 expressed in prostate tumor and normal prostate, expressed at lower levels in normal 
spinal cord, and to be undetectable in all other tissues tested. 

Further studies to specifically address the extent to which P501S (SEQ 
ID NO: 110) was expressed in breast tumor by microarray analysis revealed moderate 
over-expression in not only breast tumor, but also in metastatic breast tumor; (2/31), 

15 with negligable to low expression in normal tisssues. This data demonstrates that 
P501S may be over-expressed in various breast tumors as well as in prostate tumors. 



Example 3 

ISOLATION AND CHARACTERIZATION OF PROSTATE TUMOR 
20 POLYPEPTIDES BY PCR-BASED SUBTRACTION 



A cDNA subtraction library, containing cDNA from normal prostate 
subtracted with ten other normal tissue cDNAs (brain, heart, kidney, liver, lung, ovary, 
placenta, skeletal muscle, spleen and thymus) and then submitted to a first round of 

25 PCR amplification, was purchased from Clontech. This library was subjected to a 
second round of PCR amplification, following the manufacturer's protocol. The 
resulting cDNA fragments were subcloned into the vector pT7 Blue T- vector (Novagen, 
Madison, WI) and transformed into XL-1 Blue MRF 5 E. coli (Stratagene). DNA was 
isolated from independent clones and sequenced using a Perkin Elmer/Applied 

30 Biosystems Division Automated Sequencer Model 373A. 
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Fifty-nine positive clones were sequenced. Comparison of the DNA 



sequences of these clones with those in the gene bank, as described above, revealed no 

significant homologies to 25 of these clones, hereinafter referred to as P5, P8, P9, PI 8, 

P20, P30, P34, P36, P38, P39, P42, P49, P50, P53, P55, P60, P64, P65, P73, P75, P76, 

5 P79 and P84. The determined cDNA sequences for these clones are provided in SEQ 
/^\ ^rh ^3 <p6 6^ v 

ID NO:41({4y 47-52 and 54-65, respectively. P29, P47, P68,-J>80 and P82 (SEQ ID 



NO:46, 53 and 6*6-^8, respectively) were found to show some degree of homology to 
previously identified DNA sequences. To the best of the inventors' knowledge, none of 
these sequences have been previously shown to be present in prostate. 



resulted in the isolation of more than 1 80 additional clones, of which 23 clones were 
found to show no significant homologies to known sequences. The determined cDNA 
sequences for these clones are provided in SEQ' ID NO: 115-123, 127, 131, 137, 145, 
147-151, 153, 156-158 and 160. Twenty-three clones (SEQ ID NO: 124-126, 128-130, 

15 132-136, 138-144, 146, 152, 154, 155 and 159) were found to show some homology to 
previously identified ESTs. An additional ten clones (SEQ ID NO: 161-170) were 
found to have some degree of homology to known genes. Larger cDNA clones 
containing the P20 sequence represent splice variants of a gene referred to as P703P. 
The determined DNA sequence for the variants referred to as DEI, DEI 3 and DEM are 

20 provided in SEQ ID NOS: 171, 175 and 177, respectively, with the corresponding 
predicted amino acid sequences being provided in SEQ ID NO: 172, 176 and 178, 
respectively. The determined cDNA sequence for an extended spliced form of P703 is 
provided in SEQ ID NO: 225. The DNA sequences for the splice variants referred to 
as DE2 and DE6 are provided in SEQ ID NOS: 173 and 174, respectively. 

25 mRNA Expression levels for representative clones in tumor tissues 

(prostate (n=5), breast (n=2), colon and lung) normal tissues (prostate (n=5), colon, 
kidney, liver, lung (n=2), ovary (n=2), skeletal muscle, skin, stomach, small intestine 
and brain), and activated and non-activated PBMC was determined by RT-PCR as 
described above. Expression was examined in one sample of each tissue type unless 

30 otherwise indicated. 




10 



Further studies using the PCR-based methodology described above 
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P9_ wasjbund to be highly expressed in normal prostate and prostate 
tumor compared to all normal tissues tested except for normal colon which showed 
comparable expression. P20, a portion of the P703P gene, was found to be highly 
expressed in normal prostate and prostate tumor, compared to all twelve normal tissues 
5 tested. A modest increase in expression of P20 in breast tumor (n=2), colon tumor and 
lung tumor was seen compared to all normal tissues except lung (1 of 2). Increased 
expression of PI 8 was found in normal prostate, prostate tumor and breast tumor 
compared to other normal tissues except lung and stomach. A modest increase in 
expression of P5 was observed in normal prostate . compared to most other normal 

10 tissues. However, some elevated, expression was seen in normal lung and PBMC. 
Elevated expression of P5 was also observed in prostate tumors (2 of 5), breast tumor 
and one lung tumor sample. For P30, similar expression levels were seen in normal 
prostate and prostate tumor, compared to six of twelve other normal tissues tested. 
Increased expression was seen in breast tumors, one lung tumor sample and one colon 

15 tumor sample, and also in normal PBMC. P29 was found to be over-expressed in 
prostate tumor (5 of 5) and normal prostate (5 of 5) compared to the majority of normal 
tissues. However, substantial expression of P29 was observed in normal colon and 
normal lung (2 of 2). P80 was found to be over-expressed in prostate tumor (5 of 5) and 
normal prostate (5 of 5) compared to all other normal tissues tested, with increased 

20 expression also being seen in colon tumor. 

Further studies resulted in the isolation of twelve additional clones, 
hereinafter referred to as 10-d8, 10-hl0 ; ll-c8, 7-g6, 8-b5, 8-b6, 8-d4, 8-d9, 8-g3, 8- 
hl 1, 9-fl2 and 9-f3. The determined DNA sequences for 10-d8, 10-hl0, 1 l-c8, 8-d4, 8- 
d9, 8-hll, 9-fl2 and 9-f3 are provided in SEQ ID NO: 207, 208, 209, 216, 217, 220, 

25 221 and 222, respectively. The determined forward and reverse DNA sequences for 7- 
g6, 8-b5, 8-b6 and 8-g3 are provided in SEQ ID NO: 210 and 211; 212 and 213; 214 
and 215; and 218 and 219, respectively. Comparison of these sequences with those in 
the gene bank revealed no significant homologies to the sequence of 9-f3. The clones 
10-d8, 11 -c8 and 8-hll were found to show some homology to previously isolated 

30 ESTs, while 10-hl0, 8-b5, 8-b6, 8-d4, 8-d9, 8-g3 and 9-fl2 were found to show some 



- .homology to previously identified genes. Further characterization of 7-G6 and 8-G3 
showed identity to the known genes PAP and PSA, respectively. " " ~ 

mRNA expression levels for these clones were determined using the 
micro-array technology described above. The clones 7-G6, 8-G3, 8-B5, 8-B6, 8-D4, 8- 
5 D9, 9-F3, 9-F12, 9-H3, 10-A2, 10- A4, 11 -C9 and 11-F2 were found to be over- 
expressed in prostate tumor and normal prostate, with expression in other tissues tested 
being low or undetectable. Increased expression of 8-F11 was seen in prostate tumor 
and normal prostate, bladder, skeletal muscle and colon. Increased expression of 10- 
H10 was seen in prostate tumor and normal prostate, bladder, lung, colon, brain and 
10 large intestine. Increased expression of 9-B1 was seen in prostate tumor, breast tumor, 
and normal prostate, salivary gland, large intestine and skin, with increased expression 
of 1 1-C8 being seen in prostate tumor, and normal prostate and large intestine. 

An additional cDNA fragment derived from the PCR-based normal 
prostate subtraction, described above, was found to be prostate specific by both micro- 
15 array technology and RT-PCR. The determined cDNA sequence of this clone (referred 
to as 9-A1 1) is provided in SEQ ID NO: 226. Comparison of this sequence with those 
in the public databases revealed 99% identity to the known gene HOXB 13. 

Further studies led to the isolation of the clones 8-C6 and 8-H7. The 

determined cDNA sequences for these clones are provided in SEQ ID NO: 227 and 228, 

i 

20 respectively. These sequences were found to show some homology to previously 
isolated ESTs. 

PCR and hybridization-based methodologies were employed to obtain 
longer cDNA sequences for clone P20 (also referred to as P703P), yielding three 
additional cDNA fragments that progressively extend the 5' end of the gene. These 

25 fragments, referred to as P703PDE5, P703P6.26, and P703PX_23 (SEQ ID Nof*326> 
328, and 330, with the predicted corresponding amino acid sequences in SEQ ID NO: 
327, 329, and 331, respectively) contain additional 5' sequence. P703PDE5 was 
recovered by screening of a cDNA library (#141-26) with a portion of P703P as a 
probe. P703P6.26 was recovered from a mixture of three prostate tumor cDNAs and 

30 P703PX_23 was recovered from cDNA library (#438-48). Together, the additional 



• 



sequences include all of the putative mature serine protease along with the majority of 
the putative signal sequence.Further studies using a PCR-based subtraction library of a 
prostate tumor pool subtracted against a pool of normal tissues (referred to as JP: PGR 
subtraction) resulted in the isolation of thirteen additional clones, seven of which did 

5 not share any significant homology to known Genbahk sequences. The determined 

3f? 306 30^ 3/6 *>(2> 

cDNA sequences for novel clones P71 IP, P712P, P774P, P775P, novel '27, P710P, and 
P768P- are provided in SEQ ID NO: 307-311, 313, and 315, respectively. The 
remaining six clones (SEQ ID NO: 316, and 321-325) were shown to share homology 
to known genes. By microarray analysis, all thirteen clones showed three or more fold 

10 over-expression in prostate tissues, including prostate tumors, BPH, and normal prostate 
as compared to normal non-prostate tissues. Clones P7 1 1 P, P7n^, novel 23, and P768P 
showed over-expression in most prostate tumors and BPH tissues tested (n=29), and in 
the majority of normal prostate tissues (n=4), but background to low expression levels 
in all normal tissues. Clones P774P, P775P, and P710P showed comparatively lower 

15 expression and expression in fewer prostate tumors and BPH samples, with negative to 
low expression in normal prostate. 

Using PCR and hybridization-based methodologies, additional cDNA 
sequence information was derive^ for two clones described above, 11 -C9 and 9-F3, 
herein after referred to as P707P and P714P, respectively (SEQ ID NO: 333 and 334). 

20 After comparison with the most recent Genbank, P707P was found to be a splice variant 
of the known gene HoxB13. While there are some differences in the published 
sequence and the derived cDNA sequence, the differences are likely due to allelic 
variation. In contrast, P714P does not share homology with any know gene sequence 
and therefore is novel. y 

25 Additionally, clones 8-B3, P89, P98, P130, and P201 (as disclosed in 

U.S. Patent Application No. 09/020,956, filed February 9, 1998) were found to be 
contained within one contiguous sequence, referred to as P705P (SEQ ID NO: 335, with 
the predicted amino acid sequence provided in SEQ ID NO: 336), which was 
determined to be a splice variant of the known gene NKX 3.1. 
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. . _ _ Example 4 
SYNTHESIS OF POLYPEPTIDES 

Polypeptides may be synthesized on a Perkin Elmer/Applied Biosystems 
5 43 OA peptide synthesizer using FMOC chemistry with HPTU (O-Benzotriazole- 
N,N,N\N'-tetramethyluronium hexafluorophosphate) activation. A Gly-Cys-Gly * 
sequence may be attached to the amino terminus of the peptide to provide a method of 
conjugation, binding to an immobilized surface, or labeling of the peptide. Cleavage of 
the peptides from the solid support may be carried out using the following cleavage 
10 mixture: trifluoroacetic acid:ethanedithiol:thioanisole:water:phenol (40:1:2:2:3). After 
cleaving for 2 hours, the peptides may be precipitated in cold methyl-t-butyl-ether. The 
peptide pellets may then be dissolved in water containing 0.1% trifluoroacetic acid - , 
(TFA) and lyophilized prior to purification by CI 8 reverse phase HPLC. A gradient of 
0%-60% acetonitrile (containing 0.1% TFA) in water (containing 0.1% TFA) may be 
15 used to elute the peptides. Following lyophilization of the pure fractions, the peptides 
may be characterized using electrospray or other types of mass spectrometry and by 
amino acid analysis. 



20 Example 5 

FURTHER ISOLATION AND CHARACTERIZATION OF PROSTATE TUMOR 
POLYPEPTIDES BY PCR-BASED SUBTRACTION 

A cDNA library generated from prostate primary tumor mRNA as 
25 described above was subtracted with cDNA from normal prostate. The subtraction was 
performed using a PCR-based protocol (Clontech), which was modified to generate 
larger fragments. Within this protocol, tester and driver double stranded cDNA were 
separately digested with five restriction enzymes that recognize six-nucleotide 
restriction sites (Mlul, MscI, PvuII, Sail and StuI). This digestion resulted in an 
30 average cDNA size of 600 bp, rather than the average size of 300 bp that results from 



digestion with Rsal "according to the Clonteeh protocol. This modification did not 
affect the subtraction efficiency. Two tester populations were then created with 
different adapters, and the driver library remained without adapters. * > 

The tester and driver libraries were then hybridized using excess driver 
5 cDNA. In the first hybridization step, driver was separately hybridized with each of the 
two tester cDNA populations: This resulted in populations of (a) unhybridized tester 
cDNAs, (b) tester cDNAs hybridized to other tester cDNAs, (c) tester cDNAs 
hybridized to driver cDNAs and (d) unhybridized driver cDNAs. The two separate 
hybridization reactions were then cornbined 5 _ and rehybridized in the presence of 

10 additional denatured driver cDNA. Following this second hybridization,- in addition to 
populations (a) through (d), a fifth population (e) was generated in which tester cDNA 
with one adapter hybridized to tester cDNA with the second adapter. Accordingly, the 
second hybridization step resulted in enrichment of differentially expressed sequences : 
which could be used as templates for PCR amplification with adaptor-specific primers. 

15 The ends were then filled in, and PCR amplification was performed 

using adaptor-specific primers. Only population (e), which contained tester cDNA that 
did not hybridize to driver cDNA, was amplified exponentially. A second PCR 
amplification step was then performed, to reduce background and further enrich 
differentially expressed sequences. v , 

20 This PCR-based subtraction technique normalizes differentially 

expressed cDNAs so that rare transcripts that are overexpressed in prostate tumor tissue 
may be recoverable. Such transcripts would be difficult to recover by traditional 
subtraction methods. 

In addition to genes known, to 'be overexpressed in prostate tumor, 

25 seventy-seven novel clones were identified. Sequences of these partial cDNAs are 
provided in SEQ ID NOs:229 to 305. Most of these clones had no significant 
homology to database sequences. ■ Exceptions were JPTPN23 (SEQ ID NO:231; 
similarity to pig valosin-containing protein), JPTPN30 (SEQ ID NO:234; similarity to 
rat mRNA for proteasome subunit), JPTPN45 (SEQ ID NO:243; similarity to rat 

30 norvegicus cytosolic NADP-dependent isocitrate dehydrogenase), JPTPN46 (SEQ ID 
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NO:244; similarity to human subclone H8 4 d4 DNA sequence), JP1D6 (SEQ ID 
NO:265; similarity to G. gallus dynein light chain-A), JP8D6 (SEQ ID NO:288); 
similarity to human BAC clone RG016J04), JP8F5 (SEQ ID NO:289; similarity to 
human subclone H8 3 b5 DNA sequence) and JP8E9 (SEQ ID NO:299; similarity to 
5 human Alu sequence). 

The novel clones identified were: 





JPTPN13 


SEQ ID NO:229 




JPTPN14 


SEQ ID NO:230 


10 


JPTPN23 


SEQ ID NO:231 




JPTPN24 


SEQ ID NO:232 


1:1 


JPTPN25 


SEQ ID NO:233 




JPTPN30 


SEQ ID NO:234 


1 


JPTPN34 


SEQ ID NO:235 


15 


JPTPN35 


SEQ ID NO:236 


Li. 


JPTPN36 


SEQ ID NO:237 




JPTPN38 


SEQ ID NO:238 




JPTPN39 


SEQ ID NO:239 




JPTPN40 


SEQ ID NO:240 


20 


JPTPN41 


SEQ ID NO:241 




. JPTPN42 


SEQ ID NO:242 




JPTPN45 


SEQ ID NO:243 




JPTPN46 


SEQ ID NO:244 




JPTPN51 


SEQ ID NO:245 


25 


JPTPN56 


SEQ ID NO:246 




JPTPN64 


SEQ ID NO:247 




JPTPN65 


SEQ ID NO:248 




JPTPN67 


SEQ ID NO:249 




JPTPN76 


SEQ ID NO:250 


30 


JPTPN84 


SEQ ID NO:251 
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JPTPN85 


- - SEQ ID NO:252 




JPTPN86 


SEQ ID NO:253 




JPTPN87 


SEQ ID NO:254 




JPTPN88 


SEQ ID NO:255 


5 


JP1F1 


SEQ ID NO:256 




JP1F2 


SEQ ID NO:257 




JP1C2 


SEQ ID NO:258 




JP1B1 


SEQ ID NO:259 




JP1B2 


SEQ ID NO:260 


10 


JP1D3 


SEQ ID NO:261 




JP1A4 


SEQ ID NO:262 




JP1F5 


SEQ ID NO:263 




JP1E6 


SEQ ID NO:264 




JP1D6 


SEQ ID NO.-265 


15 


JP1B5 


SEQ ID NO:266 




JP1A6 


SEQ ID NO:267 




JP1E8 


SEQ ID NO:268 




JP1D7 


SEQ ID NO:269 




JP1D9 


SEQ ID NO:270 


20 


JP1C10 


SEQ ID NO:271 




JP1A9 


SEQ ID NO:272 




JP1F12 


SEQ ID NO:273 




JP1E12 


SEQ ID NO:274 




JP1D11 


SEQ ID NO:275 


25 


JP1C11 


SEQ ID NO:276 




JP1C12 


SEQ ID NO:277 




JP1B12 


SEQ ID NO:278 




JP1A12 


SEQ ID NO:279 




JP8G2 


SEQ ID NO:280 


30 


JP8H1 


SEQ ID NO:281 




58 



JP8H2 


SEQ IDNO:282 


JP8A3 


SEQ ID NO:283 


JP8A4 


SEQ ID NO:284 


JP8C3 


SEQ ID NO:285 


JP8G4 


SEQ ID NO:286 


JP8B6 


SEQ ID NO:287 


JP8D6 


SEQ ID NO:288 


JP8F5 


SEQ ID NO:289 


JP8A8 


SEQ ID NO:290 


JP8C7 


SEQ ID NO:291 


JP8D7 


SEQ ID NO:292 


JP8D8 


SEQ ID NO:293 


JP8E7 


SEQ ID NO:294 


JP8F8 


SEQ ID NO:295 


JP8G8 


SEQ ID NO:296 


JP8B10 


SEQ ID NO:297 


JP8C10 


SEQ ID NO:298 


JP8E9 


SEQ ID NO:299 


JP8E10 


SEQ ID NO:300 


JP8F9 


SEQ ID NO:301 


JP8H9 


SEQ ID NO:302 


JP8C12 


SEQ ID NO:303 


JP8E11 


SEQ ID NO:304 


JP8E12 


SEQ ID NO:305 



25 

Additional studies using the PCR-based subtraction library consisting of 
a prostate tumor pool subtracted against a normal prostate pool (referred to as PT-PN 
PCR subtraction) yielded three additional clones. Comparison of the cDNA sequences 
of these clones with the most recent Genbank revealed two to be novel, herein after 
30 referred to as P715P and P767P (SEQ ID NO: 312 and 314). The remaining clone was 
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shown "to "share homology to the-known gene KIAA0056 (SEQ ID NO: 318). Using 
microarray analysis to measure mRNA expression levels in various tissues, all three 
clones were found to be over-expressed in prostate tumors and BPH tissues. 
Specifically, clone P715P was over-expressed in most prostate tumors and BPH tissues 
5 by a factor of three or greater, with elevated expression seen in the majority of normal 
prostate samples and in fetal tissue, but negative to low expression in all other normal 
tissues. Clone P767P was over-expressed in several prostate tumors and BPH tissues, 
with moderate expression levels in half of the normal prostate samples, and background 
to low expression in all other normal tissues tested. 



Example 6 

PEPTIDE PRIMING OF MICE AND PROPAGATION OF CTL LINES 

15 

6.1. This Example illustrates the preparation of a CTL cell line specific 
for cells expressing the P502S gene. 

Mice expressing the transgene for human HLA A2.1 (provided by Dr L. 
Sherman, The Scripps Research Institute, La Jolla, CA) were immunized with P2S #12 

20 peptide (VLGWVAEL; SEQ ID NO: 306), which is derived from the P502S gene (also 
referred to herein as Jl-17, SEQ ID NO:8), as described by Theobald et al., Proc. Natl 
Acad. ScL USA 92:11993-11997, 1995 with the following modifications. Mice were 
immunized with lOOjig of P2S #12 and 120jag of an I-A b binding peptide derived from 
hepatitis B Virus protein emulsified in incomplete Freund's adjuvant. Three weeks later 

25 these mice were sacrificed and using a nylon mesh single cell suspensions prepared. 
Cells were then resuspended at 6 x 10 6 cells/ml in complete media (RPMI- 1640 (Gibco 
BRL, Gaithersburg, MD) containing 10% FCS, 2mM Glutamine (Gibco BRL), sodium 
pyruvate (Gibco BRL), non- essential amino acids (Gibco BRL, 2 x 10' 5 M 2- 
mercaptoethanol, 50U/ml penicillin and streptomycin) and cultured in the presence of 

30 irradiated (3000rads) P2S#12 pulsed (5mg/ml P2S #12 and lOmg/ml p2-microglobulin) 
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LPS blasts (A2 transgenic, spleens cells cultured in the presence of 7|xg/ml dextran 
sulfate and 25|ig/ml LPS for 3 days). Six days later cells (5 x 10 5 /ml) were restimulated 
with 2.5 x 10 6 /ml peptide pulsed irradiated (20,000rads) EL4A2Kb cells (Sherman et al, 
Science 255:815-818, 1992) and 3 x 10 6 /ml A2 transgenic spleen feeder cells. Cells 
5 were cultured in the presence of 20U/ml IL-2. Cells were continued to be restimulated 
on a weekly basis as mentioned, in preparation for cloning the line. 

P2S#12 line was cloned by limiting dilution analysis with peptide pulsed 
EL4 A2Kb tumor cells (1 x 10 4 cells/ well) as stimulators and A2 transgenic spleen cells 
as feeders ( 5 x 10 5 cells/ well) grown in the presence of 30U/ml IL-2. On day 14, cells 

10 were restimulated as before. On day 21, clones that were growing were isolated and 
maintained in culture. Several of these clones demonstrated reactivity (lysis) against 
human fibroblasts (HLA A2.1 expressing) transduced with P502S gene significantly 
higher than control fibroblasts. An example is presented in Figure 1 . 

This data indicates that P2S #12 represents a naturally processed epitope 

15 of the P502S protein that is expressed in the context of the human HLA A2.1 molecule. 

6.2. This Example illustrates the preparation of murine CTL lines and 
CTL clones specific for cells expressing the P501S gene. 

This series of experiments were performed similarly to that described 

20 above. Mice were immunized with the PIS #10 peptide (SEQ ID NO: 337), which is 
derived from the P501S gene (also referred to herein as Ll-1?, SEQ ID NO:l 10). The 
P1S#10 peptide was derived by analysis of the predicted polypeptide sequence for 
P501S for potential HLA-A2 binding sequences as defined by published HLA-A2 
binding motifs (Parker, KC, et al 9 J. Immunol., 152:163, 1994). P1S#10 peptide was 

25 synthesized by methods described in Example 4, and empirically tested for HLA-A2 
binding using a T cell based competition assay. Predicted A2 binding peptides were 
tested for their ability to compete HLA-A2 specific peptide presentation to an HLA-A2 
restricted CTL clone (D150M58), which is specific for the HLA-A2 binding influenza 
matrix peptide fluM58. D150M58 CTL secretes TNF in response to self-presentation 

30 of peptide fluM58. In the competition assay, test peptides at 100-200 ug/ml were added 
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to cultures of D150M58 GTL in order- to bind HLA-A2 on the CTL. After thirty 
minutes, CTL cultured with test peptides, or control peptides, were tested for their 
antigen dose response to the fluM58 peptide in a standard TNF bioassay. Figure 3 
shows peptide P1S#10 competes HLA-A2 restricted presentation of fluM58, 
5 demonstrating that peptide P 1 S# 1 0 binds HL A- A2 . 

Mice expressing the transgene for human HLA A2.1 were immunized as 
described by Theobald et al., Proc, Natl Acad Scl USA 92:1 1993rl 1997, 1995 with 
the following modifications. Mice were immunized with 62.5|ig of PIS #10 and 120jag 
of an I-A b binding peptide derived from Hepatitis B Virus protein emulsified in 

10 incomplete Freund's adjuvant. Three weeks later these mice were sacrificed and using a 
nylon mesh single cell suspensions prepared. Cells were then resuspended at 6 x 10 6 
cells/ml in complete media (as described above) and cultured in the presence . of 
irradiated (3000rads) P1S#10 pulsed (2jag/ml PIS#10 and lOmg/ml p2-microglobulin) 
LPS blasts (A2 transgenic spleens cells cultured in the presence of 7fig/ml dextran 

15 sulfate and 25jag/ml LPS for 3 days). Six days later cells (5 x 10 5 /ml) were restimulated 
with 2.5 x 10 6 /ml peptide-pulsed irradiated (20,000rads) EL4A2Kb cells, as described 
above, and 3 x 10 6 /ml A2 transgenic spleen feeder cells. Cells were cultured in the 
presence of 20U/ml IL-2. Cells were restimulated on a weekly basis in preparation for 
cloning. After three rounds of in vitro stimulations, one line was generated that 

20 recognized PlS#10-pulsed Jurkat A2Kb targets and P501S-transduced Jurkat targets as 
shown in Figure 4. 

A PlS#10-specific CTL line was cloned by limiting dilution analysis 
with peptide pulsed EL4 A2Kb tumor cells (1 x 10 4 cells/ well) as stimulators and A2 
transgenic spleen cells as feeders ( 5 x 10 5 cells/ well) grown in the presence of 30U/ml 

25 IL-2. On day 14, cells were restimulated as before. On day 21, viable clones were 
isolated and maintained in culture. Five of these clones demonstrated specific cytolytic 
reactivity against P501S-transduced Jurkat A2Kb targets. As shown in Figure 5, this 
data indicates that P1S#10 represents a naturally processed epitope of the P501S protein 
that is expressed in the context of the human HLA-A2. 1 molecule. 



30 
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Example 7 

ABILITY OF HUMAN T CELLS TO RECOGNIZE PROSTATE TUMOR 

POLYPEPTIDES 

5 

This Example illustrates the ability of T cells specific for a prostate 
tumor polypeptide to recognize human tumor. 

Human CD8 + T cells were primed in vitro to the P2S-12 peptide 
(VLGWVAEL; SEQ ID NO:306) derived from the P502S (Jl-17) gene using dendritic 

10 cells according to protocol set forth by Van Tsai et al., Critical Reviews in Immunology 
75:65-75, 1998. The resulting CD8 + T cell microcultures were tested for their ability to 
recognize the P2S-12 peptide presented by autologous fibroblasts or fibroblasts which 
were transduced to express the P502S gene in a y-interferon ELISPOT assay {see 
Lalvani et al., J. Experimental Medicine 755:859-865, 1997). Briefly, titrating numbers 

15 of T cells were assayed in duplicate on 10 4 fibroblasts in the presence of 3 ng/mLhuman 
[^-microglobulin and 1 jig/ml P2S-12 peptide or control E75 peptide. In addition, T 
cells were simultaneously assayed on autologous fibroblasts transduced with the P502S 
gene or as a control, fibroblasts transduced with HER-2/«ew. Prior to the assay, the 
fibroblasts were treated with 10 ng/ml y-interferon for 48 hours to upregulate class I 

20 MHC expression. One of the microcultures (#5) demonstrated strong recognition of 
both peptide pulsed fibroblasts as well as transduced fibroblasts in a y-interferon 
ELISPOT assay. Figure 2A demonstrates that there was a strong increase in the number 
of y-interferon spots with increasing numbers of T cells on fibroblasts pulsed with the 
P2S-12 peptide (solid bars) but not with the control E75 peptide (open bars). This 

25 shows the ability of these T cells to specifically recognize the P2S-12 peptide. In 
Figure 2B, this microculture also demonstrated an increase in the number of y-interferon 
spots with increasing numbers of T cells on fibroblasts transduced to express the P502S 
gene but not the HER-2/«e« gene. These results provide additional confirmatory 
evidence that the P2S-12 peptide is a naturally processed epitope of the P502S protein. 

30 Furthermore, this also demonstrates that there exists in the human T cell repertoire, high 
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affinity T cells which are capable of recognizing this epitope._ These T cells should also 
be capable of recognizing human tumors which express the P502S gene. 

Example 8 

5 PRIMING OF CTL IN VIVO USING NAKED DNA IMMUNIZATION WITH A 
NOVEL PROSTATE ANTIGEN 

The novel prostate tumor antigen LI -12, as described above, is also 
referred to as P501S. HLA A2Kb Tg mice , (provided by Dr L. Sherman, The Scripps 
Research Institute, La Jolla, CA) were immunized with 100 ug VR10132-P501S either 

10 intramuscularly or intradermally. The mice were immunized three times, with a two 
week interval between immunizations. Two weeks after the last immunization, immune 
spleen cells were cultured with Jurkat A2Kb-P501S transduced stimulator cells. CTL 
lines were stimulated weekly. After two weeks of in vitro stimulation, CTL activity 
was assessed against P501S transduced targets. The results show that 2/8 mice 

15 developed strong anti-P501S CTL responses. These results demonstrate that P501S 
contains at least one naturally processed A2-restricted CTL epitope. 

Example 9 

20 GENERATION OF HUMAN CTL IN VITRO USING WHOLE GENE PRIMING 
AND STIMULATION TECHNIQUES WITH NOVEL PROSTATE TUMOR 

ANTIGEN 

The novel prostate antigen LI -12, as described above, is also referred to 
25 as P501S. Using in vitro whole-gene priming with P501S-retrovirally transduced 
autologous fibroblasts, (see, for example, Yee et al, The Journal of Immunology, 
157(9):4079-86, 1996) human CTL lines were derived that specifically recognize 
autologous fibroblasts transduced with P501S, as determined by interferon-y ELISPOT 
analysis (as described above). Using a panel of HLA-mismatched fibroblast lines 
30 transduced with P501S, these CTL lines were shown to be restricted HLA-A2 class I 




UJ. 
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allele. ~ Specifically, dendritic- cells (DC) were^differentiated from monocyte cultures 
derived from PBMC of normal human donors by growth for five days in RPMI medium 
containing 10% human serum and 50 ng/ml human GM-CSF and 30 ng/ml human IL-4. 
Following culture, DC were infected overnight with recombinant P501S vaccinia virus 
5 at a multiplicity of infection (M.O.I) of five, and matured overnight by the addition of 3 
ug/ml. CD40 ligand. Virus was inactivated by U.V. irradiation and CD8+ T cells were 
isolated using a magnetic bead system, and priming cultures were initiated using 
standard culture techniques. Cultures were restimulated every 7-10 days using 
autologous primary fibroblasts retrovirally transduced with P501S. Following four 
10 stimulations cycles, CD8+ T cell lines could be identified that specifically produced 
interferon-y when stimulated with P501S-transduced autologous fibroblasts; the P501S- 
specific activity could be sustained by the continued stimulation of the cultures with 
P501S-transduced fibroblasts in the presence of IL-15. A panel of HLA-mismatched 
|ii fibroblast lines transduced with P501S were generated to define the restriction allele of 

15 the response. By measuring Interferon-y in an ELI SPOT assay, the P501S specific 
response was shown to be restricted by HLA-A2. These results demonstrate that a 
CD8+ CTL response to P501 S can be elicited. 

Example 10 

20 IDENTIFICATION OF A NATURALLY PROCESSED CTL EPITOPE CONTAINED 

WITHIN A NOVEL PROSTATE TUMOR ANTIGEN 



The novel prostate antigen P20, as described above, is also referred to as 
P703P. The 9-mer peptide, p5, having an amino acid sequence of LLANDLMLI, (SEQ 

25 ID NO: 338) was derived from the P703P antigen. The p5 peptide is immunogenic in 
human HLA-A2 donors and is a naturally processed epitope. Antigen specific CD8+ T 
cells can be primed following repeated in vitro stimulations with monocytes pulsed with 
p5 peptide. These CTL specifically recognize p5-pulsed target cells in both ELISPOT 
(described above), and chromium release assays. Additionally, in HLA-A2 transgenic 

30 mice (described above), immunization with p5 leads to the generation of CTL lines 
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which recognize a variety of P703P transduced target. _ce_lls expressing either HLA- 
A2Kb or HLA-A2. Specifically, HLA-A2 transgenic mice were immunized 
subcutaneously in the footpad with 100 ug of p5 peptide formulated together with 140 
ug of hepatitis B virus core peptide (a Th peptide) in Freund's incomplete adjuvant. 
5 Three weeks post immunization, spleen cells from immunized mice were stimulated in 
vitro with peptide-pulsed LPS blasts. CTL activity was assessed by chromium release 
assay five days after primary in vitro stimulation. Retrovirally transduced cells 
expressing P703P, or control antigen, and HLA-A2Kb were used as targets. CTL lines 
specifically recognized both p5-pulsed targets as well as P703P-expressing targets have 

10 been identified. 

Human in vitro priming experiments have been conducted that 
demonstrate the p5 peptide is immunogenic in humans. Dendritic cells (DC), were 
differentiated from monocyte cultures derived from PBMC of normal human donors by 
culturing for five days in RPMI medium containing 10% human serum and 50 ng/ml 

15 human GM-CSF and 30 ng/ml human IL-4. Following culture, the DC were pulsed 
with p5 peptide and cultured with GM-CSF and IL-4 together with CD8+ T cell 
enriched PBMC. CTL lines were restimulated in a weekly basis using p5-pulsed 
monocytes in subsequent stimulations. Five to six weeks after initiation of the CTL 
cultures, CTL recognition of p5-pulsed target cells was demonstrated. 

20 

From the foregoing, it will be appreciated that, although specific 
embodiments of the invention have been described herein for the purposes of 
illustration, various modifications may be made without deviating from the spirit and 
25 scope of the invention. Accordingly, the present invention is not limited except as by 
the appended claims. 



1 



SEQUENCE LISTING 

<110> Xu, Jiangchuri 
Dill on , Davin 
Mitcham, Jennifer 

<12 0> Compounds for Immunotherapy of Prostate 
Cancer and Methods for Their Use 



<130> 26000. 428C6 

<160> 338 

<170> FastSEQ for Windows Version 3.0 

<210> 307 

<211> 637 

<212> DNA 

<213> Human 



<400> 307 

acagggratg aagggaaagg gagaggatga ggaagccccc ctggggattt ggtttggtcc 6 0 

ttgtgatcag gtggtctatg gggcttatcc ctacaaagaa gaatccagaa ataggggcac 12 0 

attgaggaat gatacttgag cccaaagagc attcaatcat tgttttattt gccttmtttt 180 

cacaccattg gtgagggagg gattaccacc ctggggttat gaagatggtt gaacacccca 24 0 

cacatagcac cggagatatg agatcaacag tttcttagcc atagagattc acagcccaga 3 00 

gcaggaggac gcttgcacac catgcaggat gacatggggg atgcgctcgg gattggtgtg 360 

aagaagcaag gactgttaga ggcaggcttt atagtaacaa gacggtgggg caaactctga 42 0 

tttccgtggg ggaatgtcat ggtcttgctt tactaagttt tgagactggc aggtagtgaa 480 

actcattagg ctgagaacct tgtggaatgc acttgaccca sctgatagag gaagtagcca 54 0 

ggtgggagcc tttcccagtg ggtgtgggac atatctggca agattttgtg gcactcctgg 600 

ttacagatac tggggcagca aataaaactg aatcttg 63 7 



<210> 308 
<211> 647 
<212> DNA 
<213> Human 

<220> 

<221> unsure 

<222> (123) . . . (123) 



<400> 308 

acgattttca ttatcatgta aatcgggtca ctcaaggggc caaccacagc tgggagccac 60 

tgctcagggg aaggttcata tgggactttc tactgcccaa ggttctatac aggatataaa 12 0 

ggngcctcac agtatagatc tggtagcaaa gaagaagaaa caaacactga tctctttctg 180 

ccacccctct gaccctttgg aactcctctg accctttaga acaagcctac ctaatatctg 240 

ctagagaaaa gaccaacaac ggcctcaaag gatctcttac catgaaggtc tcagctaatt 3 00 

cttggctaag atgtgggttc cacattaggt tctgaatatg gggggaaggg tcaatttgct 360 

cattttgtgt gtggataaag tcaggatgcc caggggccag agcagggggc tgcttgcttt 42 0 

gggaacaatg gctgagcata taaccatagg ttatggggaa caaaacaaca tcaaagtcac 4 80 



□ 



tgfcatcaatt gccatgaaga _cttgagggac ctgaatctac cgattcatct taaggcagca 540 
ggaccagttt gagtggcaac aatgcagcag cagaatcaat ggaaacaaca "gaatgattgc ~ - 600- 
aatgtccttt tttttctcct gcttctgact tgataaaagg ggaccgt 647 

<210> 309 
<211> 460 
<212> DNA 
<213> Human 



' <400 
actttatagt 
aatatgattg 
gagcacatct 
accaaacatc 
ggggaattta 
ctggggtggt 
acctagagga 
ttgtcttgtt 



> 309 
ttaggctgga 
gctgcacact 
tcagcaagag 
atgccagaat 
ttcctggcaa 
ggagcgaacc 
atacacaggc 
tttgtctttc 



cattggaaaa 
tccagactga 

ggggaaatac 

actcagcaaa 
ttttaattgg 
cgtcactagt 
acatgtgtga 
ggtgtgtaag 



aaaaaaaagc 
tgaatgatga 
tcatcatttt 
ccttcttagc 
actccttatg 
ggacatgcag 
tgccaagcgt 
attcttaagt 



cagaacaaca 
acgtgatgga 
tggccagcag 
tcttgagaag 
tgagagcagc 
tggcagagct 
gacacctgta 



tgtgatagat 
ctattgtatg 
ttgtttgatc 
tcaaagtccg 
ggctacccag 
cctggtaacc 
gcactcaaat 



<210> 310 
<211> 539 
<212> DNA 
<213> Human 

<220> 

<221> unsure 

<222> (499) . . . (499) 



60 
120 
180 
240 
300 
360 
420 
460 



<400 
acgggactta 
ctaaaggttt 
taggaaagag 
gtcagacagt 
taatctttat 
ttcctcaagg 
ctagatagaa 
atgattatgt 
atattttcac 



> 310 
tcaaataaag 
taaaatatgt 
aaacacagaa 
aagatttgtg 
ggcagagaaa 
taggcatgat 
agccttagta 
cattacatgt 
ccccacaaaa 



ataggaaaag 
caggattgga 
ggaagagaca 
ggaaatgggt 
gctaaaatcc 
gaaggagggt 
tactcagcta 
atggtagtga 
gtcagttaaa 



aagaaaactc 
agaaggcatg 
caataaaagt 
tggtttgttg 
tttagcttgc 
ttagaggaga 
ggaatagtga 
tggggatgat 
tattgggaca 



aaatattata 
gataaagaac 
cattatgtat 
tatggtatgt 
gtgaatgatc 
cacagacaca 
ttctgagggc 
aggaaggaag 
ctaaccatcc 



ggcagaaatg 
aaagttcagt 
tctgtgagaa 
attttagcaa 
acttgctgaa 
atgaactgac 
acactgtgac 
aacttatggc 
aggtcaaga 



60 
120 
180 
240 
300 
360 
420 
480 
539 



<210> 311 
<211> 526 
<212> DNA 
<213> Human 



<400> 311 

caaatttgag ccaatgacat agaattttac aaatcaagaa gcttattctg gggccatttc 60 

ttttgacgtt ttctctaaac tactaaagag gcattaatga tccataaatt atattatcta 120 

catttacagc atttaaaatg tgttcagcat gaaatattag ctacagggga agctaaataa 180 

attaaacatg gaataaagat ttgtccttaa atataatcta caagaagact ttgatatttg 240 

tttttcacaa gtgaagcatt cttataaagt gtcataacct ttttggggaa actatgggaa 3 00 

aaaatgggga aactctgaag ggttttaagt atcttacctg aagctacaga ctccataacc 360 

tctctttaca gggagctcct gcagccccta cagaaatgag tggctgagat tcttgattgc 420 

acagcaagag cttctcatct aaaccctttc cctttttagt atctgtgtat caagtataaa 480 

agttctataa actgtagtnt acttatttta atccccaaag cacagt 526 



<210> 312 

<211> 500 

<212> DNA 

<213> Human 



<220> 

<2 21> unsure 
<222> (388) . . 



. (388) 



<221> unsure 

<222> (401) . . . (401) 



<400 
cctctctctc 
tcatttctga 
ccatttctct 
gcattaagga 
gcttcttagg 
tgcagatgtc 
tgctaatgtg 
ctgaacgtgt 
tagtcttaat 



> 312 
cccaccccct 
aagcagttga 
ttcccttcca 
cattatgctt 
aaaatatttt 
tagcagcttc 
gtttcctttg 
ggtaaagatt 
tatctattgg 



gactctagag 
gccactttat 
cctgccagtt 
cttcgattct 
tcttccaaaa 
agacatttgg 
taaaccanga 
tttgtgtttg 



aactgggttt 
tccaaagtac 
ttgctgactc 
gaagacaggc 
tcagtaggaa 
ttaagaaccc 
ttcttatttg 
aatataggag 



tctcccagta 
actgcagatg 
tcaacttgtc 
cctgctcatg 
atctaaactt 
atgggaaaaa 
nctggtatag 
aaatcagttt 



ctccagcaat 
ttcaaactct 
atgagtgtaa 
gatgactctg 
atcccctctt 
aaaaaatcct 
aatatcagct 
gctgaaaagt 



60 
120 
180 
240 
300 
360 
420 
480 
500 



<210> 313 
<211> 718 
<212> DNA 
<2 13 > Human 

<220> 

<221> unsure 
<222> (1) . . . (718) 

<223> n at all occurrences indicates unsure 



<400 
ggagatttgt 
tgatgataca 
ctgctgaaat 
gtagtgacat 
aaaaggaagc 
gcctcgccct 
ttccttaaag 
agatttgaaa 
cttgatggtt 
aactggggag 
cgttatacca 
ttcttntggc 



> 313 
gtggtttgca 
gaggtgagaa 
ggagataatt 
gtttttgcac 
acagagatcc 
gtgcctgntc 
gatggcagga 
tgaagtcaca 
cacaagacat 
gagataccac 
atcatttcta 
ccacattttc 



<210> 314 
<211> 358 
<212> DNA 
<213> Human 



gccgagggag 
ataagaaagg 
aacatcacta 
atttccagcc 
ctgggagaaa 
ccgcttgtga 
aaacagatcc 
aagtgagcat 
gcaacaaaca 
ggggcagagg 
tttctaccct 
atnatccacc 



accaggaaga 
ctgctgactt 
gaaacagcaa 
cttttaaata 
tgcccggccg 
gggaaggaca 
tgttgtggat 
taccaatgag 
aaatggaata 
tcaggattct 
caaacaagct 
ccntcntttt 



tctgcatggt 
taccatctga 
gatgacaata 
tccacacaca 
ccatcttggg 
ttagaaaatg 
atttatttga 
aggaaaacag 
ctgtgatgac 
ggccctgctg 
gtngaatatc 
aannttantc 



gggaaggacc 
ggccacacat 
taatgtctaa 
caggaagcac 
tcatcgatga 
aattgatgtg 
acgggattac 
acgagaaaat 
acgagcagcc 
cctaactgtg 
tgacttacgg 
caaantgt 



60 
120 
180 
240 
300 
360 
420 
480 
540 
600 
660 
718 



<400> 314 

gtttatttac attacagaaa aaacatcaag acaatgtata ctatttcaaa tatatccata 
cataatcaaa tatagctgta gtacatgttt tcattggtgt agattaccac aaatgcaagg 



60 
120 



# 



4 



caacatgtgt agatctcttg- tcttattett ttgtctataa. tactgtattg tgtagtccaa 180 

gctctcggta gtccagccac tgtgaaacat gctcccttta gattaacctc gtggacgctc 240 ~ 

ttgttgtatt gctgaactgt agtgccctgt attttgcttc tgtctgtgaa ttctgttgct 3 00 

tctggggcat ttccttgtga tgcagaggac caccacacag atgacagcaa tctgaatt 3 58 



<210> 315 
<211> 341 
<212> DNA 
< 2 1 3 > Human 

<400> 315 

taccacctcc ccgctggcac tgatgagccg catcaccatg gtcaccagca ccatgaaggc 60 

ataggtgatg atgaggacat ggaatgggcc cccaaggatg gtctgtccaa agaagcgagt 12 0 

gacccccatt ctgaagatgt ctggaacctc taccagcagg atgatgatag ccccaatgac 180 

agtcaccagc tccccgacca gccggatatc gtccttaggg gtcatgtagg cttcctgaag 24 0 

tagcttctgc tgtaagaggg tgttgtcccg ggggctcgtg cggttattgg tcctgggctt 3 00 

gagggggccjg tagatgcagc acatggtgaa gcagatgatg t 341 

<210> 316 
<211> 151 
<212> DNA 
<213> Human 

<400> 316 

agactgggca agactcttac gccccacact gcaatttggt cttgttgccg tatccattta 60' 

tgtgggcctt tctcgagttt ctgattataa acaccactgg agcgatgtgt tgactggact 120 

cattcaggga gctctggttg caatattagt t 151 

<210> 317 
<211> 151 
<212> DNA 
<213> Human 



<400> 317 

agaactagtg gatcctaatg aaatacctga aacatatatt ggcatttatc aatggctcaa 60 

atcttcattt atctctggcc ttaaccctgg ctcctgaggc tgcggccagc agatcccagg 120 

ccagggctct gttcttgcca cacctgcttg a 151 



<210> 318 
<211> 151 
<212> DNA 
<2 13 > Human 



<400> 318 

actggtggga ggcgctgttt agttggctgt tttcagaggg gtctttcgga gggacctcct 60 

gctgcaggct ggagtgtctt tattcctggc gggagaccgc acattccact gctgaggctg 12 0 

tgggggcggt ttatcaggca gtgataaaca t 151 



<210> 319 
<211> 151 
<212> DNA 
<2 13 > Human 



<400> 319 

aactagtgga tccagagcta taggtacagt gtgatctcag ctttgcaaac acattttcta 



60 



catagatagt- actaggfcatt- aatagatatg. .taaagaaaga aatcacacca ttaataatgg 
taagattggg tttatgtgat tttagtgggt a 

<210> 320 
<211> 150 
<212> DNA 
<213> Human 

<400> 320 

aactagtgga tccactagtc cagtgtggtg gaattccatt gtgttggggt tctagatcgc 
gagcggctgc cctttttttt tttttttttg ggggggaatt tttttttttt aatagttatt 
gagtgttcta cagcttacag taaataccat 

<210> 321 

<211> 151 

<212> DNA 

<213> Human 

<400> 321 

agcaactttg tttttcatcc aggttatttt aggcttagga tttcctctca cactgcagtt 
tagggtggca ttgtaaccag ctatggcata ggtgttaacc aaaggctgag taaacatggg 
tgcctctgag aaatcaaagt cttcatacac t 

<210> 322 
<211> 151 
<212> DNA 
<2 13 > Human 

<220> 

<2 21> unsure 

<222> (141) . . . (141) 

<400> 322 

atccagcatc ttctcctgtt tcttgccttc ctttttcttc ttcttasatt ctgcttgagg 
tttgggcttg gtcagtttgc cacagggctt ggagatggtg acagtcttct ggcattcggc 
attgtgcagg gctcgcttca nacttccagt t 

<210> 323 
<211> 151 
<212> DNA 
<213> Human 

<220> 

<2 21> unsure 
<222> (61) . . . (61) 

<221> unsure 
<222> (69) . . . (69) 

<221> unsure 

<222> (142) . . . (142) 

<400> 323 

tgaggacttg tkttcttttt ctttattttt aatcctctta ckttgtaaat atattgccta 
nagactcant tactacccag tttgtggttt twtgggagaa atgtaactgg acagttagct 



• # 

6 



gttcaatyaa aaagacactt ancccatgtg g 151 

<210> 324 
<211> 461 
<212> DNA 
<213> Human 

<220> 

<221> unsure 

<222> (457) . . . (457) 



<400> 324 

acctgtgtgg aatttcagct ttcctcatgc aaaaggattt tgtatccccg gcctacttga 60 

agaagtggtc agctaaagga atccaggttg ttggttggac tgttaatacc tttgatgaaa 12 0 

agagttacta cgaatcccat cttggttcca gctatatcac tgacagcatg gtagaagact 180 

gcgaacctca cttctagact ttcacggtgg gacgaaacgg gttcagaaac tgccaggggc 24 0 

ctcatacagg gatatcaaaa taccctttgt gctacccagg ccctggggaa tcaggtgact 300 

cacacaaatg caatagttgg tcactgcatt tttacctgaa ccaaagctaa acccggtgtt 360 

gccaccatgc accatggcat gccagagttc aacactgttg ctcttgaaaa ttgggtctga 420 

aaaaacgcac aagagcccct gccctgccct agctgangca c 461 



<210> 325 
<211> 400 
<212> DNA 
<213> Human 



<400> 325 

acactgtttc catgttatgt ttctacacat tgctacctca gtgctcctgg aaacttagct 60 

tttgatgtct ccaagtagtc caccttcatt taactctttg aaactgtatc atctttgcca 120 

agtaagagtg gtggcctatt tcagctgctt tgacaaaatg actggctcct gacttaacgt 18 0 

tctataaatg aatgtgctga agcaaagtgc ccatggtggc ggcgaagaag agaaagatgt 24 0 

gttttgtttt ggactctctg tggtcccttc caatgctgtg ggtttccaac caggggaagg 30.0 

gtcccttttg cattgccaag tgccataacc atgagcacta cgctaccatg gttctgcctc 360 

ctggccaagc aggctggttt gcaagaatga aatgaatgat 4 00 



<210> 326 
<211> 1215 
<212> DNA 
< 2 1 3 > Human 



<400> 326 

ggaggactgc agcccgcact cgcagccctg gcaggcggca ctggtcatgg aaaacgaatt 60 

gttctgctcg ggcgtcctgg tgcatccgca gtgggtgctg tcagccgcac actgtttcca 12 0 

gaactcctac accatcgggc tgggcctgca cagtcttgag gccgaccaag agccagggag 18 0 

ccagatggtg gaggccagcc tctccgtacg gcacccagag tacaacagac ccttgctcgc 24 0 

taacgacctc atgctcatca agttggacga atccgtgtcc gagtctgaca ccatccggag 300 

catcagcatt gcttcgcagt gccctaccgc ggggaactct tgcctcgttt ctggctgggg 360 

tctgctggcg aacggcagaa tgcctaccgt gctgcagtgc gtgaacgtgt cggtggtgtc 42 0 

tgaggaggtc tgcagtaagc tctatgaccc gctgtaccac cccagcatgt tctgcgccgg 48 0 

cggagggcaa gaccagaagg actcctgcaa cggtgactct ggggggcccc tgatctgcaa 54 0 

cgggtacttg cagggccttg tgtctttcgg aaaagccccg tgtggccaag ttggcgtgcc 6 00 

aggtgtctac accaacctct gcaaattcac tgagtggata gagaaaaccg tccaggccag 66 0 

ttaactctgg ggactgggaa cccatgaaat tgacccccaa atacatcctg cggaaggaat 720 

tcaggaatat ctgttcccag cccctcctcc ctcaggccca ggagtccagg cccccagccc 780 

ctcctccctc aaaccaaggg tacagatccc cagcccctcc tccctcagac ccaggagtcc 840 



agacccccca 
ggagtccaga 
cctccctcag 
ggtcccagcc 
acagtgcccc 
ctttccccta 
aaaaaaaaaa 



gcccctcctc 
ccccccagcc 
actcagaggt 
cctcctccct 
cttgtggcac 
gatccagaaa 
aaaaa 



cetcagaccc 
cctcctccct 
ccaagccccc 
cagacccagc 
gttgacccaa 
taaagtctaa 



aggagtccag 
cagacccagg 
aacccctcct 
ggtccaatgc 
ccttaccagt 
gagaagcgca 



cccctcctcc 
ggtccaggcc 
tccccagacc 
cacctagact 
tggtttttca 
aaaaaaaaaa 



ctcagaccca 
cccaacccct 
cagaggtcca 
ctccctgtac 
ttttttgtcc 
aaaaaaaaaa 



900 
960" 
1020 
1080 
1140 
1200 
1215 



<210> 327 

<211> 220 

<212> PRT 

<213> Human 



Glu 

1 
Glu 

n 

''zz Leu 

iU 

; - Leu 

! V Ala 

Iff Asn 

" Thr 

\*k ser 

in Thr 

.jg Ser 
145 
Gly 

Leu 

Pro 

Phe 



<400> 327 
Asp Cys Ser 

Asn Glu Leu 
20 

Ser Ala Ala 
35 

His Ser Leu 
50 

Ser Leu Ser 

Asp Leu Met 

lie Arg Ser 
100 

Cys Leu Val 
115 

Val Leu Gin 
130 

Lys Leu Tyr 

Gly Gin Asp 

lie Cys Asn 
180 

Cys Gly Gin 

195 
Thr Glu Trp 
210 



Pro His Ser 
5 

Phe Cys Ser 

His Cys Phe 

Glu Ala Asp 
55 

Val Arg His 
70 

Leu lie Lys 
85 

lie Ser lie 

Ser Gly Trp 

Cys Val Asn 
135 

Asp Pro Leu 

150 
Gin Lys Asp 
165 

Gly Tyr Leu 

Val Gly Val 

lie Glu Lys 
215 



Gin Pro Trp 
10 

Gly Val Leu 
25 

Gin Asn Ser 
40 

Gin Glu Pro 

Pro Glu Tyr 

Leu Asp Glu 
90 

Ala Ser Gin 
105 

Gly Leu Leu 
120 

Val Ser Val 

Tyr His Pro 

Ser Cys Asn 
170 

Gin Gly Leu 

185 
Pro Gly Val 
200 

Thr Val Gin 



Gin Ala Ala 

Val His Pro 

Tyr Thr lie 
45 

Gly Ser Gin 
60 

Asn Arg Pro 
75 

Ser Val Ser 

Cys Pro Thr 

Ala Asn Gly 
125 

Val Ser Glu 

14 0 
Ser Met Phe 
155 

Gly Asp Ser 

Val Ser Phe 

Tyr Thr Asn 
205 

Ala Ser 
220 



Leu Val Met 
15 

Gin Trp Val 
30 

Gly Leu Gly 

Met Val Glu 

Leu Leu Ala 
80 

Glu Ser Asp 
95 

Ala Gly Asn 
110 

Arg Met Pro 

Glu Val Cys 

Cys Ala Gly 
160 

Gly Gly Pro 
175 

Gly Lys Ala 
190 

Leu Cys Lys 



<210> 328 
<211> 234 
<212> DNA 
<213> Human 



<400> 328 

cgctcgtctc tggtagctgc agccaaatca taaacggcga ggactgcagc ccgcactcgc 60 

agccctggca ggcggcactg gtcatggaaa acgaattgtt ctgctcgggc gtcctggtgc 120 

atccgcagtg ggtgctgtca gccacacact gtttccagaa ctcctacacc atcgggctgg 180 

gcctgcacag tcttgaggcc gaccaagagc cagggagcca gatggtggag gcca 2 34 



<210> 329 



\ 

8 



<2ir> 77 

<212> PRT 
<213> Human 



<400> 329 

Leu Val Ser Gly Ser Cys Ser Gin lie lie Asn Gly Glu Asp Cys Ser 

1 5 10 15 

Pro His Ser Gin Pro Trp Gin Ala Ala Leu Val Met Glu Asn Glu Leu 

20 25 30 

Phe Cys Ser Gly Val Leu Val His Pro Gin Trp Val Leu Ser Ala Thr 

35 40 45 

His Cys Phe Gin Asn Ser Tyr Thr lie Gly Leu Gly Leu His Ser Leu 

50 55 60 

Glu Ala Asp Gin Glu Pro Gly Ser Gin Met Val Glu Ala 
65 70 75 



<210> 330 
<211> 70 
<212> DNA 
<213> Human 

<400> 330 

cccaacacaa tggcccgatc ccatccctga ctccgccctc aggatcgctc gtctctggta 60 
gctgcagcca 70 

<210> 331 
<211> 22 
<212> PRT 
<213> Human 

<400> 331 

Gin His Asn Gly Pro lie Pro Ser Leu Thr Pro Pro Ser Gly Ser Leu 

15 10 15 

Val Ser Gly Ser Cys Ser 
20 



<210> 332 
<211> 2507 
<212> DNA 
<213> Human 



<400> 332 

tggtgccgct gcagccggca gagatggttg agctcatgtt cccgctgttg ctcctccttc 6 0 

tgcccttcct tctgtatatg gctgcgcccc aaatcaggaa aatgctgtcc agtggggtgt 12 0 

gtacatcaac tgttcagctt cctgggaaag tagttgtggt cacaggagct aatacaggta 180 

tcgggaagga gacagccaaa gagctggctc agagaggagc tcgagtatat ttagcttgcc 240 

gggatgtgga aaagggggaa ttggtggcca aagagatcca gaccacgaca gggaaccagc 3 00 

aggtgttggt gcggaaactg gacctgtctg atactaagtc tattcgagct tttgctaagg 360 

gcttcttagc tgaggaaaag cacctccacg ttttgatcaa caatgcagga gtgatgatgt 420 

gtccgtactc gaagacagca gatggctttg agatgcacat aggagtcaac cacttgggtc 480 

acttcctcct aacccatctg ctgctagaga aactaaagga atcagcccca tcaaggatag 540 

taaatgtgtc ttccctcgca catcacctgg gaaggatcca cttccataac ctgcagggcg 6 00 

agaaattcta caatgcaggc ctggcctact gtcacagcaa gctagccaac atcctcttca 660 

cccaggaact ggcccggaga ctaaaaggct ctggcgttac gacgtattct gtacaccctg 720 

gcacagtcca atctgaactg gttcggcact catctttcat gagatggatg tggtggcttt 780 




9 



tctccttttt catcaagact ccteagcagg. gagcccagac cagcctgcac tgtgccttaa 84 0 

cagaaggtct tgagattcta agtgggaatc atttcagtga ctgtcatgtg gcatgggtct" " ~ 900 

ctgcccaagc tcgtaatgag actatagcaa ggcggctgtg ggacgtcagt tgtgacctgc 96 0 

tgggcctccc aatagactaa caggcagtgc cagttggacc caagagaaga ctgcagcaga 102 0 

ctacacagta cttcttgtca aaatgattct ccttcaaggt tttcaaaacc tttagcacaa 1080 

agagagcaaa accttccagc cttgcctgct tggtgtccag ttaaaactca gtgtactgcc 114 0 

agattcgtct aaatgtctgt catgtccaga tttactttgc ttctgttact gccagagtta 12 00 

ctagagatat cataatagga taagaagacc ctcatatgac ctgcacagct cattttcctt 1260 

ctgaaagaaa ctactaccta ggagaatcta agctatagca gggatgattt atgcaaattt 132 0 

gaactagctt ctttgttcac aattcagttc ctcccaacca accagtcttc acttcaagag 1380 

ggccacactg caacctcagc ttaacatgaa taacaaagac tggctcagga gcagggcttg 144 0 

cccaggcatg gtggatcacc ggaggtcagt agttcaagac cagcctggcc aacatggtga 1500 

aaccccacct ctactaaaaa ttgtgtatat ctttgtgtgt cttcctgttt atgtgtgcca 1560 

agggagtatt ttcacaaagt tcaaaacagc cacaataatc agagatggag caaaccagtg 162 0 

ccatccagtc tttatgcaaa tgaaatgctg caaagggaag cagattctgt atatgttggt 16 80 

aactacccac caagagcaca tgggtagcag ggaagaagta aaaaaagaga aggagaatac 1740 

tggaagataa tgcacaaaat gaagggacta gttaaggatt aactagccct ttaaggatta 1800 

actagttaag gattaatagc aaaagayatt aaatatgcta acatagctat ggaggaattg 1860 

agggcaagca cccaggactg atgaggtctt aacaaaaacc agtgtggcaa aaaaaaaaaa 1920 

aaaaaaaaaa aaaaatccta aaaacaaaca aacaaaaaaa acaattcttc attcagaaaa 1980 

attatcttag ggactgatat tggtaattat ggtcaattta ataatatttt ggggcatttc 2 04 0 

cttacattgt cttgacaaga ttaaaatgtc tgtgccaaaa ttttgtattt tatttggaga 2100 

cttcttatca aaagtaatgc tgccaaagga agtctaagga attagtagtg ttcccatcac 2160 

ttgtttggag tgtgctattc taaaagattt tgatttcctg gaatgacaat tatattttaa 2220 

ctttggtggg ggaaagagtt ataggaccac agtcttcact tctgatactt gtaaattaat 2280 

cttttattgc acttgttttg accattaagc tatatgttta gaaatggtca ttttacggaa 2340 

aaattagaaa aattctgata atagtgcaga ataaatgaat taatgtttta cttaatttat 2400 

attgaactgt caatgacaaa taaaaattct ttttgattat tttttgtttt catttaccag 2460 

aataaaaacg taagaattaa aagtttgatt acaaaaaaaa aaaaaaa 2507 



<210> 333 
<211> 3030 
<212> DNA 
<213> Human 



<400> 333 

gcaggcgact tgcgagctgg gagcgattta aaacgctttg gattcccccg gcctgggtgg 6 0 

ggagagcgag ctgggtgccc cctagattcc ccgcccccgc acctcatgag ccgaccctcg 12 0 

gctccatgga gcccggcaat tatgccacct tggatggagc caaggatatc gaaggcttgc 180 

tgggagcggg aggggggcgg aatctggtcg cccactcccc tctgaccagc cacccagcgg 24 0 

cgcctacgct gatgcctgct gtcaactatg cccccttgga tctgccaggc tcggcggagc 3 00 

cgccaaagca atgccaccca tgccctgggg tgccccaggg gacgtcccca gctcccgtgc 36 0 

cttatggtta ctttggaggc gggtactact cctgccgagt gtcccggagc tcgctgaaac 420 

cctgtgccca ggcagccacc ctggccgcgt accccgcgga gactcccacg gccggggaag 4 80 

agtaccccag ycgccccact gagtttgcct tctatccggg atatccggga acctaccagc 54 0 

ctatggccag ttacctggac gtgtctgtgg tgcagactct gggtgctcct ggagaaccgc 6 00 

gacatgactc cctgttgcct gtggacagtt accagtcttg ggctctcgct ggtggctgga 660 

acagccagat gtgttgccag ggagaacaga acccaccagg tcccttttgg aaggcagcat 720 

ttgcagactc cagcgggcag caccctcctg acgcctgcgc ctttcgtcgc ggccgcaaga 780 

aacgcattcc gtacagcaag gggcagttgc gggagctgga gcgggagtat gcggctaaca 84 0 

agttcatcac caaggacaag aggcgcaaga tctcggcagc caccagcctc tcggagcgcc 900 

agattaccat ctggtttcag aaccgccggg tcaaagagaa gaaggttctc gccaaggtga 960 

agaacagcgc taccccttaa gagatctcct tgcctgggtg ggaggagcga aagtgggggt 1020 

gtcctgggga gaccaggaac ctgccaagcc caggctgggg ccaaggactc tgctgagagg 1080 

cccctagaga caacaccctt cccaggccac tggctgctgg actgttcctc aggagcggcc 1140 



10 



tgggtaccca gtatgtgcag ggagacggaa ccccatgtga cagcccactc caccagggtt 12 00 
cccaaagaac ctggcccagt cataatcatt catcctgaca gtggcaataa tcacgataac " 1260 

cagtactagc tgccatgatc gttagcctca tattttctat ctagagctct gtagagcact 1320 

ttagaaaccg ctttcatgaa ttgagctaat tatgaataaa tttggaaggc gatccctttg 1380 

cagggaagct ttctctcaga cccccttcca ttacacctct caccctggta acagcaggaa 144 0 

gactgaggag aggggaacgg gcagattcgt tgtgtggctg tgatgtccgt ttagcatttt 1500 

tctcagctga cagctgggta ggtggacaat tgtagaggct gtctcttcct ccctccttgt 156 0 

ccaccccata gggtgtaccc actggtcttg gaagcaccca tccttaatac gatgattttt 1620 

ctgtcgtgtg aaaatgaagc cagcaggctg cccctagtca gtccttcctt ccagagaaaa 168 0 

agagatttga gaaagtgcct gggtaattca ccattaattt cctcccccaa actctctgag 1740 

tcttccctta atatttctgg tggttctgac caaagcaggt catggtttgt tgagcatttg 1800 

ggatcccagt gaagtagatg tttgtagcct tgcatactta gcccttccca ggcacaaacg 1860 

gagtggcaga gtggtgccaa ccctgttttc ccagtccacg tagacagatt cacagtgcgg 192 0 

aattctggaa gctggagaca gacgggctct ttgcagagcc gggactctga gagggacatg 198 0 

agggcctctg cctctgtgtt cattctctga tgtcctgtac ctgggctcag tgcccggtgg 2040 

gactcatctc ctggccgcgc agcaaagcca gcgggttcgt gctggtcctt cctgcacctt 210 0 

aggctggggg tggggggcct gccggcgcat tctccacgat tgagcgcaca ggcctgaagt 216 0 

ctggacaacc cgcagaaccg aagctccgag cagcgggtcg gtggcgagta gtggggtcgg 222 0 

tggcgagcag ttggtggtgg gccgcggccg ccactacctc gaggacattt ccctcccgga 22 8 0 

gccagctctc ctagaaaccc cgcggcggcc gccgcagcca agtgtttatg gcccgcggtc 2 34 0 

gggtgggatc ctagccctgt ctcctctcct gggaaggagt gagggtggga cgtgacttag 24 0 : 0 

acacctacaa atctatttac caaagaggag cccgggactg agggaaaagg ccaaagagtg 2460 

tgagtgcatg cggactgggg gttcagggga agaggacgag gaggaggaag atgaggtcga 2520 

tttcctgatt taaaaaatcg tccaagcccc gtggtccagc ttaaggtcct cggttacatg 2580 

cgccgctcag agcaggtcac tttctgcctt ccacgtcctc cttcaaggaa gccccatgtg 2640 

ggtagctttc aatatcgcag gttcttactc ctctgcctct ataagctcaa acccaccaac 2700 

gatcgggcaa gtaaaccccc tccctcgccg acttcggaac tggcgagagt tcagcgcaga 2 76 0 

tgggcctgtg gggagggggc aagatagatg agggggagcg gcatggtgcg gggtgacccc 2 82 0 

ttggagagag gaaaaaggcc acaagagggg ctgccaccgc cactaacgga gatggccctg 2880 

gtagagacct ttgggggtct ggaacctctg gactccccat gctctaactc ccacactctg 2940 

ctatcagaaa cttaaacttg aggattttct ctgtttttca ctcgcaataa aytcagagca 3000 

aacaaaaaaa aaaaaaaaaa aaaactcgag 3 03.0 



<210> 334 
<211> 2417 
<212> DNA 
< 2 1 3 > Human 



<400> 334 

ggcggccgct ctagagctag tgggatcccc cgggctgcac gaattcggca cgagtgagtt 60 

ggagttttac ctgtattgtt ttaatttcaa caagcctgag gactagccac aaatgtaccc 120 

agtttacaaa tgaggaaaca ggtgcaaaaa ggttgttacc tgtcaaaggt cgtatgtggc 18 0 

agagccaaga tttgagccca gttatgtctg atgaacttag cctatgctct ttaaacttct 240 

gaatgctgac cattgaggat atctaaactt agatcaattg cattttccct ccaagactat 3 00 

ttacttatca atacaataat accaccttta ccaatctatt gttttgatac gagactcaaa 360 

tatgccagat atatgtaaaa gcaacctaca agctctctaa tcatgctcac ctaaaagatt 420 

cccgggatct aataggctca aagaaacttc ttctagaaat ataaaagaga aaattggatt 480 

atgcaaaaat tcattattaa tttttttcat ccatccttta attcagcaaa catttatctg 540 

ttgttgactt tatgcagtat ggccttttaa ggattggggg acaggtgaag aacggggtgc 6 00 

cagaatgcat cctcctacta atgaggtcag tacacatttg cattttaaaa tgccctgtcc 660 

agctgggcat ggtggatcat gcctgtaatc tcaacattgg aaggccaagg caggaggatt 720 

gcttcagccc aggagttcaa gaccagcctg ggcaacatag aaagacccca tctctcaatc 780 

aatcaatcaa tgccctgtct ttgaaaataa aactctttaa gaaaggttta atgggcaggg 84 0 

tgtggtagct catgcctata atacagcact ttgggaggct gaggcaggag gatcacttta 900 

gcccagaagt tcaagaccag cctgggcaac aagtgacacc tcatctcaat tttttaataa 960 
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aatgaataca tacataagg'a aagataaaaa gaaaagttta atgaaagaat acagtataaa 1020 

acaaatctct tggacctaaa agtatttttg ttcaagccaa atattgtgaa tcacctctct 1080 ~ 

gtgttgagga tacagaatat ctaagcccag gaaactgagc agaaagttca tgtactaact 114 0 

aatcaacccg aggcaaggca aaaatgagac taactaatca atccgaggca aggggcaaat 12 00 

tagacggaac ctgactctgg tctattaagc gacaactttc cctctgttgt atttttcttt 1260 

tattcaatgt aaaaggataa aaactctcta aaactaaaaa caatgtttgt caggagttac 1320 

aaaccatgac caactaatta tggggaatca taaaatatga ctgtatgaga tcttgatggt 138 0 

ttacaaagtg tacccactgt taatcacttt aaacattaat gaacttaaaa atgaatttac 1440 

ggagattgga atgtttcttt cctgttgtat tagttggctc aggctgccat aacaaaatac 1500 

cacagactgg gaggcttaag taacagaaat tcatttctca cagttctggg ggctggaagt 156 0 

ccacgatcaa ggtgcaggaa aggcaggctt cattctgagg cccctctctt ggctcacatg 162 0 . 

tggccaccct cccactgcgt gctcacatga cctctttgtg ctcctggaaa gagggtgtgg 1680 

gggacagagg gaaagagaag gagagggaac tctctggtgt ctcgtctttc aaggacccta 174 0 

acctgggcca ctttggccca ggcactgtgg ggtggggggt tgtggctgct ctgctctgag 1800 

tggccaagat aaagcaacag aaaaatgtcc aaagctgtgc agcaaagaca agccaccgaa 186 0 

cagggatctg ctcatcagtg tggggacctc caagtcggcc accctggagg caagccccca 192 0 

cagagcccat gcaaggtggc agcagcagaa gaagggaatt gtccctgtcc ttggcacatt 1980 

cctcaccgac ctggtgatgc tggacactgc gatgaatggt aatgtggatg agaatatgat 2 040 

ggactcccag aaaaggagac ccagctgctc aggtggctgc aaatcattac agccttcatc 2100 

ctggggagga actgggggcc tggttctggg tcagagagca gcccagtgag ggtgagagct 2160 

acagcctgtc ctgccagctg gatccccagt cccggtcaac cagtaatcaa ggctgagcag v ,2220 

atcaggcttc ccggagctgg tcttgggaag ccagccctgg ggtgagttgg ctcctgctgt 22 80 

ggtactgaga caatattgtc ataaattcaa tgcgcccttg tatccctttt tcttttttat 2340 

ctgtctacat ctataatcac tatgcatact agtctttgtt agtgtttcta ttcmacttaa 2400 

tagagatatg ttatact 2417 



<210> 335 

<211> 2984 

<212> DNA 

<213> Human 



<400> 335 

atccctcctt ccccactctc ctttccagaa ggcacttggg gtcttatctg ttggactctg 60 

aaaacacttc aggcgccctt ccaaggcttc cccaaacccc taagcagccg cagaagcgct 12 0 

cccgagctgc cttctcccac actcaggtga tcgagttgga gaggaagttc agccatcaga 18 0 

agtacctgtc ggcccctgaa cgggcccacc tggccaagaa cctcaagctc acggagaccc 24 0 

aagtgaagat atggttccag aacagacgct ataagactaa gcgaaagcag ctctcctcgg 3 00 

agctgggaga cttggagaag cactcctctt tgccggccct gaaagaggag gccttctccc 36 0 

gggcctccct ggtctccgtg tataacagct atccttacta cccatacctg tactgcgtgg 420 

gcagctggag cccagctttt tggtaatgcc agctcaggtg acaaccatta tgatcaaaaa 48 0 

ctgccttccc cagggtgtct ctatgaaaag cacaaggggc caaggtcagg gagcaagagg 54 0 

tgtgcacacc aaagctattg gagatttgcg tggaaatctc asattcttca ctggtgagac 600 

aatgaaacaa cagagacagt gaaagtttta atacctaagt cattccccca gtgcatactg 66 0 

taggtcattt tttttgcttc tggctacctg tttgaagggg agagagggaa aatcaagtgg 72 0 

tattttccag cactttgtat gattttggat gagctgtaca cccaaggatt ctgttctgca 78 0 

actccatcct cctgtgtcac tgaatatcaa ctctgaaaga gcaaacctaa caggagaaag 840 

gacaaccagg atgaggatgt caccaactga attaaactta agtccagaag cctcctgttg 900 

gccttggaat atggccaagg ctctctctgt ccctgtaaaa gagaggggca aatagagagt 96 0 

ctccaagaga acgccctcat gctcagcaca tatttgcatg ggagggggag atgggtggga 1020 

ggagatgaaa atatcagctt ttcttattcc tttttattcc ttttaaaatg gtatgccaac 1080 

ttaagtattt acagggtggc ccaaatagaa caagatgcac tcgctgtgat tttaagacaa 114 0 

gctgtataaa cagaactcca ctgcaagagg gggggccggg ccaggagaat ctccgcttgt 12 00 

ccaagacagg ggcctaagga gggtctccac actgctgcta ggggctgttg cattttttta 1260 

ttagtagaaa gtggaaaggc ctcttctcaa cttttttccc ttgggctgga gaatttagaa 132 0 

tcagaagttt cctggagttt tcaggctatc atatatactg tatcctgaaa ggcaacataa 138 0 



• 
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ttcttccttc 
gcttcatttt 
cccgagatct 
ttgacttttt 
aaactagcaa 
ttaaagacct 
gctgttacgt 
tattggattt 
tccagtggag 
cagtccactg 
gaaaaccatt 
cctataatgg 
ggagaaatct 
agacattaga 
agtctcttga 
agaagggcca 
aatttcaccc 
ctgacaccga 
tctttacatt 
tcccctcctc 
tgatgtatat 
tgaatccatc 
aaaaacatct 
ccatttcacc 
tgcataacaa 
cacccccacc 
aaagtaccca 



cctcctttta 
agtccagatt 
ggtctttttt 
aaaaaagttt 
ctcttatttc 
gacagcttga 
ttgaagtctg 
tcacagagga 
ggctcatggg 
agcaagcaag 
ctaaaacaca 
gtccccaaaa 
ggctgtcctt 
aaaaaatgaa 
ctccactact 
gcttactgtt 
cattttctgt 
ccggagtact 
tcttttaaaa 
tgaatttaat 
tgtgttgcaa 
ttgctttttc 
gaagagctag 
cagacagcct 
accctgctcc 
aaactttatt 
tgtctttatt 



aaattttgtg 
tttagtctgg 
tttttttttt 

gggggcagat 

tttcctttaa 
gaaggtcact 
acaatccttg 
agaacacagc 

tgggacatgg 

ggactgagtg 
acaagaaact 
tgggtaacct 
ccattttcat 
acaacaaaac 
taattccgtt 
ggtggcaaaa 
ggtttgggct 
agccagcaca 
taagcattta 
tctttcaact 
aaaaaaaaaa 
cccattggaa 
tctatcagca 
gtttctatcc 
aatctgtcac 
tttctatgtg 
agaaaaaaaa 



ttcctttttg 
ctgcacctaa 
tttttccgtc 
tctgaattgg 
aaatacatag 
actgcattta 
agaatctttg 
gcagaatgaa 
aaaagaaggc 
agccttttgc 
gtccaaatgc 
agacttcaga 
tctgttatct 
aattactaat 
tagtgagaaa 
ttgccaacat 
ccacattgca 
aaaggcaggg 
gtgctcagtc 
tgcaatttgc 
aagtgtcttt 
ctagtcatta 
tctgacaggt 
tgtttaataa 
ataaaagtct 
ttttttgcaa 
aaaaaaaaaa 



cagcaattac 
cttatgcctc 
tccccaaagc 
ctaaaagaca 
cattaaatcc 
taggaccttc 
catgcagagg 
gggccaggct 
agcctaggcc 
aggaaaaggc 
tttgggaact 
gagaatgagc 
caggtgagct 
gaggtacgct 
cctttcaatt 
aagttaatag 
atgttcaatg 
tagcctgaat 
cctactgagt 
aaggattaca 
gtttaaaatt 
acccatctct 
gaattggatg 
attagtttgg 
gtgacttgaa 
catatgagtg 
aaaa 



tcactaaagg 

gcttatttag 

tttatctgtc 

tgcattttta 

caaatcctat 

tggtggttct 

aggtaagagg 

tactgagctg 

ctggggagcc 

taagaaaaag 

gtgtttattg 

agagagcaaa 

ggtagagggg 

gaggcctggg 

ttcttttatt 

aaagttggcc 

ccacgtgctg 

tgctttctgc 

actctttctc 

catttcactg . 

acttggtttg 

gaactggtag 

gttctcagaa 

gttctctaca 

gtttagtcag 

ttttgaaaat 



1440 

1500' 

1560 

1620 

1680 

1740 

1800 

1860 

1920 

1980 

2040 

2100 

2160 

2220 

2280 

2340 

2400 

2460 

2520 

2580 

2640 

2700 

2760 

2820 

2880 

2940 

2984 



<210> 336 
<211> 147 
<212> PRT 
<2 13 > Human 



<400> 336 
Pro Ser Phe Pro 
1 

Leu Asp Ser Glu 
20 

Pro Lys Gin Pro 
35 

Val lie Glu Leu 
50 

Pro Glu Arg Ala 
65 

Val Lys lie Trp 

Leu Ser Ser Glu 
100 

Leu Lys Glu Glu 
115 

Ser Tyr Pro Tyr 
130 

Ala Phe Trp 
145 



Thr Leu Leu Ser 
5 

Asn Thr Ser Gly 

Gin Lys Arg Ser 
40 

Glu Arg Lys Phe 
55 

His Leu Ala Lys 
70 

Phe Gin Asn Arg 
85 

Leu Gly Asp Leu 

Ala Phe Ser Arg 
120 

Tyr Pro Tyr Leu 
135 



Arg Arg His Leu 
10 

Ala Leu Pro Arg 
25 

Arg Ala Ala Phe 

Ser His Gin Lys 
60 

Asn Leu Lys Leu 
75 

Arg Tyr Lys Thr 
90 

Glu Lys His Ser 
105 

Ala Ser Leu Val 

Tyr Cys Val Gly 
140 



Gly Ser Tyr Leu 
15 

Leu Pro Gin Thr 
30 

Ser His Thr Gin 
45 

Tyr Leu Ser Ala 

Thr Glu Thr Gin 
80 

Lys Arg Lys Gin 
95 

Ser Leu Pro Ala 
110 

Ser Val Tyr Asn 
125 

Ser Trp Ser Pro 



13 



<210> 337 ~ _ 
<211> 9 
<212> PRT 
<213> Human 

<400> 337 
Ala Leu Thr Gly Phe Thr Phe Ser Ala 
1 5 

<210> 338 

<211> 9 

<212> PRT 

< 2 1 3 > Human 

<400> 338 
Leu Leu Ala Asn Asp Leu Met Leu lie 
1 5 
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